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ADVERTISEMENT. 


HE Committee appointed by the Royal Society to direct the pub- 

lication of the Philoſophical Tranſactions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books- 
and journals of the Society, as from repeated declarations, which have 
been made in ſeveral former Tranſactions, that the printing of them was 
always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty-ſeventh Volume: the Society, as a body, never intereſting them- 
ſelves any further in their publication, than by occaſionally recommending 
the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of. their affairs, the Tran/attions had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to fatisfy the Public, that their uſual meetings 


nere then continued for the improvement of knowledge, and benefit of 


mankind, the great ends of their firſt inſtitution by the Royal Charters, 
and which they have ever ſince ſteadily purſued. 
But the Society being of late years greatly inlarged, and their com- 
munications more numerous, it was thought ad viſeable, that a Committee 
of their members ſhould be appointed to reconſider the papers read be- 
fore them, and ſelect out of them ſuch, as they ſhould judge moſt pro- 
per for publication in the future Tranſactions; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt ſtill reſt on the 


credit or judgment of their reſpective authors. 
A 2 R. 


1 

It is likewiſe necefſary on this occaſion to remark, that it is an eſta- 
bliſhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any ſubject, either of Nature or Art, 
that comes before them. And therefore the thanks, which are fre- 
quently propoſed from the chair, to be given to the authors of ſuch pa- 
pers, as are read at their accuſtomed meetings, or to the perſons through 
whoſe hands they receive them, are to be conſidered in no other light 
than as a matter of civility, in return for the reſpect ſhewn to the Society 
by thoſe communications. The like alſo is to be ſaid with regard to 
the ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thoſe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to ſuch reports, and public notices ; which in ſome inſtances 
have been too lightly credited, to the diſhonour of the Society. 
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I. An Account of a Cure of the St. Vituss Dance by 
Electricity. In a Letter from Anthony Fothergill, 
M. D. F. R. S. at Northampton, 0 William Henly, 
F. R. S. Communicated by Mr. Henly. 


* 
\_ 


Northampton, 


S I R, Es OR. 28, 277d. 
Read ors 5» AA GREEABLE to my promiſe, I now pro- 
1778. 


ceed to give you ſome account of a 
recent cure performed by electricity, which will, I think, 
afford you much pleaſure. 


Vol. LXIX. B ANN 
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2 Dr. FOTHERGILL'S Account of a 

ANN AGUTTER, a girl of ten years of age, of a pale, 
emaciated habit, was admitted an out-patient at the 
Northampton Hoſpital on the 6th of June laſt. From 
her father's account it appeared (for ſhe was ſpeechleſs 
and with difficulty ſupported from falling by two aſſiſ- 
tants) that ſhe had for ſix weeks laboured under violent 
convulſive motions, which affected the whole frame, 
from which ſhe had very ſhort intermiſſions, except 


during fleep; that the diſeaſe had not only impaired her 
memory and intellectual faculties, but of late had de- ' 
prived her of the uſe of ſpeech. "i 
Volatile and fetid medicines were now recom- | 
mended, and the warm bath every other night; but with | 
no better ſucceſs, except that the nights which had been | 
reſtleſs became ſomewhat more compoſed. Bliſters and | 
anti-ſpaſmodics were directed, and particularly the 
flowers of zinc, which were continued till the beginning 
of July, but without the leaſt abatement of the ſymp- | 
toms; when her father growing impatient of fruitleſs | 
attendance at the hoſpital, I recommended, as a dernier 
reſort, a trial of electricity, under the management of ] 
the Rev. Mr. UNDERWOOD, an ingenious electrician. 
After this I heard no more of her till the firſt of Auguſt, | 
when her father came to inform me that his daughter | 
was well, and defired ſhe might have her diſcharge. To 
1 Which, 


Cure by Electricity. 
which, after expreſſing my doubts of the cure, I con- 
ſented; but ſhould not have been perfectly convinced of 
it, had I not received afterwards a full confirmation of it 
from Mr. UNDERWOoD, dated Sept. 16, an extract from 
whoſe letter I will now give you in his own words. 


3 


J have long expected the pleaſure of ſeeing you, 
c that I might inform you how 1 proceeded i in the cure 


of the poor girl. As the cafe was particular, I have 


ee been very minute, and with. you may find ſomething 
in it that may be uſeful to others. If you think it pro- 
per, I beg you will ſtate the caſe medically, and make 
© it as public as you pleaſe. 

July 5. On the glaſs-footed ſtool for thirty minutes: 
% ſparks were drawn from the arms, neck, and head, 
© which cauſed a conſiderable perſpiration, and a raſh 
% appeared in her forehead. She then received ſhocks 
through her hands, arms, breaſts, and back; and from 
* this time the ſymptoms abated, her arms beginning to 
© recover their uſes'”. 

July x3. On the glafs- footed ſtool forty-five mi- 
** nutes: received ſtrong ſhocks through her legs and 
feet, which from that time began to recover their 
'** wonted uſes; alſo four ſtrong ſhocks through the jaws, 
* ſoon after which her ſpeech returned. 


= The coated bottle held near a quart. 
B 2 “ July 
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July 23. On the glaſs-footed ſtool for the ſpace of 
« one hour: ſparks were drawn from her arms, legs, 
head, and breaſt, which for the firſt time ſhe very fen- 
* ſibly felt; alſo two ſhocks through the ſpine. She 
© could now walk alone; her countenance became more 
“ florid, and all her faculties ſeemed wonderfully 
e {trengthened, and from this time ſhe continued mend- 
« ing to a ſtate of perfect health. 

« Every time ſhe was electrified poſitively, her pulſe 
“% quickened to a great degree, and an eruption, much 


© like the itch, appeared in all her joints.” 

Thus far Mr. UNDERWwooD. To complete the hiſtory 
of this ſingular caſe, I this day (Oct. 28) rode ſeveral 
miles, on my return from the country, to viſit her; and 
had the ſatisfaction to find her in good health, and the 
above account verified in every particular, with this ad- | 
dition, that at the beginning of the diſeaſe ſhe had but | 
ſlight twitchings, attended with running, ſtaggering, and | 
a variety of involuntary geſticulations which diſtinguiſh 
the St. Vitus's dance, and that theſe ſymptoms were | 
afterwards ſucceeded by convulſions, which rendered it 
difficult for two affiſtants to keep her in bed, and which | 
ſoon deprived her of ſpeech and the uſe of her limbs. | 
The eruptions which appeared on the parts electrified 
ſoon receded, without producing any return of the 

ſymptoms, | 
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Cure by Eleftricity. 5 
ſymptoms, and therefore could not be called critical, but 
merely the effect of the electrical ſtimulus. Having 
given her parents ſome general directions as to her regi- 
men, &c. I took my leave, with a ſtrong injunction to 
make me acquainted in caſe ſhe ſhould happen to re- 
lapſe. Before I conclude, it may not be improper to 
obſerve, that ſome time ago I was fortunate enough to 
cure a boy who had long had the St. Vitus's dance 
(though in a much leſs degree) by electricity. A violent 
convulſive diſeaſe, ſomewhat ſimilar to the above, though, 
if I recollect right, not attended with the apbonia, was 
ſucceſsfully treated in the ſame way by Dr. WATSON, and 
is recorded in the Philoſophical Tranſactions. May we 
not then conclude, that theſe facts alone, and more might 
perhaps be produced, are ſufficient to intitle electricity 
to a diſtinguiſhed place in the claſs of antiſpaſmodics? 


* 


I am, &c. 
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II. 4 Caſe in which the Head of the Os Humeri was ſawn 
off, and yet the Motion of the Limb preſerved. By Mr. 
Daniel Orred, of Cheſter, Surgeon. Communicated by 
Thomas Percival, M. D. F. R. S. and A. S. and Mem- 
ber of the Royal Society of Pbyſicians at Paris. 


Mancheſter, 
S 1 Ry Sept. 2c, 1778, 


Read OR. 12, VERY eminent ſurgeon at Cheſter has 
97% . deſired me to tranſmit the inclofed 
caſe to the Royal Society, and I hope it will be deemed 
worthy of publication. It not only affords a confirmation 
of an important fact inſerted in the Philoſophical Tran- 
ſactions, vol. LIX. art. vi.; but ſhews alſo that the chi- 
rurgical improvement, propoſed in that article by my 
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ingenious friend Mr. CHARLES WHITE, may be extended 
to operations on other parts of the human body. 


1 an, &c. 


THO. PERCIVAL. 


A FRIEND 
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A FRIEND of mine, an ingenious ſurgeon, ſettled at 
Tarporley, in this county, ſent for me about the middle 
of laſt month to ſee a patient of his, a gentleman's ſer- 
vant in that neighbourhood. This was a man of about 
forty years of age, who had much injured a good conſti- 
tution by hard drinking before the following accident 
happened to him. 

From an injury received more than three years before 
the time I ſaw him, by a fall from the top of a ladder, 1 | 
found a ſuppuration had taken place in the ſhoulder 
Joint. The matter had made its way through three ſmall 
openings; one in the ala, directly oppoſite to the cavity 
of the joint; the other two lower than the ſtrong tendons 
of the pectoral muſcle, and betwixt the deltoides and 
biceps muſcles. Upon introducing a probe into the joint 
by the upper orifice, I found the head of the os bummer; 
exceedingly carious. A few weeks betorel ſaw him, a col- 
lectionof matter had formed u pon his foot, I ſuppoſe from 
an abſorption and tranſlation from the ſhoulder. Upon let- 
ting out the matter with a lancet, I found the metatarſal. 
bones alſo very carious: with theſe ſhocking complaints 
no wonder he was much enfcebled and reduced. As the 
diſeaſe in his ſhoulder would evidently ſoon have put a 
period to his life without immediate relief, I propoſed to 


him, 


8 Mr. oRRED's Account of the ſawing of 

him, either to amputate the arm at the diſeaſed joint, or, 
with a view of making it of ſome uſe to him, endeavour 
to ſaw off the head of the affected bone only. As the 
leaſt of two evils he choſe the laſt; though this indeed is 
a moſt painful, hazardous operation. We are indebted 
to Mr. WHITE, of Mancheſter, for the mode of this ope- 
ration, as well as for many other valuable hints and diſ- 
coveries in ſurgery. In order to allow the arm as much 
action as poſſible after the operation, I began my inciſion 
a little above the joint, and continued it in a right hne 
directly through the middle of the fleſhy portions of the 
deltoides, and a little lower than its inſertion: then ele- 
vating the arm to relax the muſcle, an aſſiſtant with both 
hands diſtended the upper part of the opening made by 
the inciſion, whilſt, with a narrow knife, I endeavoured, | 
by the direction of the fore-finger of the left hand, care- | 
fully to divide the capſular ligament. This was effected 
with very great difficulty, as from preceding inflamma- 
tion it was much thickened, and adhered cloſely to the 
joint: and till it was ſeparated nearly round (for the 
under, and moſt dangerous part to cut through, was cor- 
roded with matter) I found my utmoſt efforts to throw | 
the head of the bone out of its ſocket quite ineffectual. | 
After a ſufficient ſeparation I made the diſlocation, by | 


preſſing the elbow to the body with one hand, and with 
| the | 
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the other pulling the head of the humerus directly 
towards me. After guarding the great artery againſt the 
action of the ſaw, by introducing a piece of paſte-board 
under the bone, I ſeparated it acroſs, as Mr, WHITE directs, 
as low down as I poſſibly could to prevent an exfoliation. 
The loſs of blood was very trifling. After drefling the 
wound very ſuperficially, I took particular care that the 
artery was not preſſed upon by the bandages; and ad- 
viſed, when the inflammation ſubſided, and a good di- 
geſtion came on, that his arm ſhould always be dreſſed 
S# when the body was erect, and ſuſpended a little from it, 
with the fore arm a little bent: this was accordingly 
done. In a few days after the operation, he got up, and 
continued to fit up the day through ever after. He had 
a cold infuſion of the Peruvian bark with the weak f pirit 
of vitriol ordered him. In conſequence of his very re- 
duced habit of body, his ſhoulder was long in curing. 
A ſmall exfoliation took place. The cure, I fancy, was 
alſo much retarded by the diſeaſed foot, which till con- 
tinued very bad; the man being ſo exceedingly terrified 
by the former operation, that he would not ſuffer us to 
do any thing to any purpoſe to it. 

I ſaw him about three months after the accident. The 
wound was nearly cicatrized; but the offification was not 
lo far advanced as I expected it would have been, the 
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callus being much ſmaller than the lower part of the 
bumerus, and bending with the weight of the arm. How- 
ever, he could raiſe it from his body more than could be 
well ſuppoſed, and had the perfect flexure and uſe of 
his fore arm. This caſe, with all the diſagreeable cir- 
cumſtances attending it, ſtrongly proves the utility of 


the above operation. By a ſimilar operation diſeaſes of 


other joints may be as eaſily cured, 

About five years ago, a young man of the name of 
MOORES, about ſixteen years of age, and ſon to a farmer 
at Alderſey, a village in this neighbourhood, applied to 
me with a diſeaſe in the lower part of the lna, where it 
joins the bones of the carpus. A variety of means for 
ſeveral years had been tried to no purpoſe, to relieve him 
before he came to me. The patient was of a good habit | 
of body, and ſeemed to enjoy tolerable good health. With I. 


his conſent I carefully ſeparated from the adjoining 


parts, and ſawed off, more than three inches of the en- 
larged bone. A callus at a proper time formed in the 
intermediate ſpace. He is now able to undergo the moſt 


| laborious parts of huſbandry buſineſs; though that part 


of the fore arm where the operation was performed is 
{till ſomething ſmaller than the ſame part in the other 


arm. 


e 
e. 


III. Experiments on ſome Mineral Subſtances. By Peter 
Woulfe, F. R. S. Communicated at the Deſire o Wil- 
lam Hunter, F. R. S. and Phyjician extraordinary to 
the Queen. | 


Read Nov. 19, 1778. 


On cryftal, quarts, and flint. 


ONS. BEAUMt, a member of the Royal Academy 
of Sciences or Paris, has aſſerted, that he obtained 
allum from cryſtal, quartz, and flint. His method to 
obtain allum from theſe ſubſtances was to make a liquor 


and letting the mixture run per deliquium; any acid 
added to this deliguium precipitates the cryſtal, quartz, 
or flint, which, by means of acid of vitriol, he diſſolved, 
and obtained allum. I have often repeated this opera- 
tion on all theſe ſubſtances, but could never obtain a ſin- 
gle grain of allum: in lieu thereof I got a ſelenite, and 
was on that account convinced, that the baſis of theſe 
ſubſtances was a calcareous earth. Mr. BEAUME's miſtake 


was, I am certain, owing to the Paris crucibles which he 
6 8 made 


2 filicum, by melting them in a crucible with fixed alkaly, 


A 
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made uſe of, and which, for want of being well burnt, 
retained yet their clayey nature; conſequently a portion, 
and that not a ſmall one, of the clay, is diſſolved by the 
alkaly; allum muſt therefore in his manner be obtained, 
as clay is the matrix, or at leaſt contains the earth of 
allum. It is rather a tedious operation to make the liquor 
filicum, and eſpecially in any quantity; for the mixture 


is very ſubject to froth and boil up in the crucible, and 
the operation 1s not compleat until this boiling up ceaſes, 
and the mixture melts thin, Hence it is natural to con- 
clude, that a large portion of the clay of a Paris crucible 
is diffolved by the alkaly during this long operation. 

In order to diſcover whether the cryſtal, quartz, or flint, 
contained any acid, I put in practice the method which I 
publiſhed in my laſt paper on mineral ſubſtances, to diſ- 
cover the acids of horn filver and horn mercury; wut I 
could not find they contained any. 


On the change of cryſtal into ſelenitical ſoar. 


The cryſtal on which I tried the following experi- 
ments, and which is partly changed into ſelenitical ſpar, 
is to be found in that moſt excellent muſeum collected 
by Dr. HUNTER. This cryſtal comes from near Freyberg 
in Saxony, and is called in German eren-formiger cry- 
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Fa aner- red cryſtal). It is in the form of an 
uneven cruſt, with ſmall protuberances; a part of it re- 
tains all the appearances of cryſtal, but the reſt is opaque, 
ſomewhat of an aſh colour, and is eaſily powdered: the 
underpart retains marks of galena or potter's lead ore, 
and in ſome ſpecimens the greateſt part 1s coated with it, 

I took three drams of the opaque part of this cryſtal 
finely powdered, and mixed it with an equal quantity of 
fixed alkaly of cream of tartar, and in order to facilitate 
the union, the mixture was made into a paſte with diſ- 
tilled water, then dried and calcined for an hour as in my 
experiments on horn filver (ſee Phil. Tranſ. vol. LXVI. 
p. 604.). The mixture was then taken out of the phial 
1 powdered, and, by digeſtion with diſtilled water at three 
different times, deprived of its ſaline part: theſe three 
ſolutions were mixed together, ſaturated with diftilled 
vinegar, evaporated to dryneſs and waſhed well with 
rectified ſpirit of Vine. By this means 3j. and gr. vi. of 
tartar of vitriol was obtained. The undiſſolved part, re- 
maining after digeſtion with water, when dried weighed | 
3 ij. and gr. xxiv.; this was mixed and digeſted with pure 
acid of nitre, and efferveſced ſtrongly. After this di- 
geſtion the undifſolved part here remaining, being well 
waſhed and dried, weighed 3 j. and gr. xv. which I take 


to be cryſtal, for no ſaline matter was obtained by treating 
it 
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it with acid of vitriol; and hence it appears, that nearly 
two-thirds of the cryſtal is changed into ſelenitical ſpar. 


The ſolution which was obtained by the acid of nitre 
mixed with acid of vitriol, but eſpecially with a ſolution 
of tartar of vitriol, precipitates copiouſly, and forms a 
ſelenite. This evidently proves the exiſtence of the cal- 
careous earth, and the tartar of vitriol mentioned above, 
that of the acid of vitriol in this altered cryſtal. 

The unaltered part of this cryſtal, treated in the ſame 
manner as the altered part, afforded no marks of ſeleni- 
tical ſpar. 

The change of this et is, I ſuſpect, owing to the 
lead ore which adheres to it; the ſulphur of the lead 
ore furniſhing the acid of vitriol, and the cryſtal the cal- 
careous earth, 


I have in the above manner treated a variety of the: 


heavy ſpars, commonly called ſelenitical or gypſeous 
ſpars, and found them all, as I firſt judged by their ap- 
pearance and great weight (without being once miſtaken) 
to conſiſt of acid of vitriol, with calcareous earth and 


ſome clayey matter. In ſome, the calcareous earth was 
combined with a larger portion of this acid than in 


others; and in ſome, the clayey matter was predominant. 


Among theſe were the following, ſome of which were 


not before taken for ſelenitical ſpars. 


I a The 


or 
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The Derbyſhire and Eckton cauk, which is commonly 
covered with copper marcaſſite. 
Ditto from Saxony, which is found growing like 
knobs or protuberances on the yellow phoſphoric ſpars. 
The /pathum erice. forme of Woodward from Derby- 
ſhire. 
The ftellated ſpar, which is found on the /4dus Hel- 
W 111011717 from the iſland of Sheppy. 
S The ſpar from Saxony, reſembling lead ore, and which 
vy many is ſuppoſed to be one, called in German Aang gen 


Halb. This ſpar is by Baron BORN claſſed with the ba- 
W ſaltes; he has no doubt taken it for a ſhirl, which is 


i claſſed with the baſaltes, but I never found them to have 
any affinity. 

Another ſpar from Saxony, c called alſo * /path, 
J compoſed of large interwoven priſms, partly red and 
partly white, and ſemi-tranſparent. 

Compact ſemi-tranſparent Auvergne ſpar, ſaid by M. 
MONET to contain ſulphur; but I could never find an 
atom of it in this or in any of the other ſpars I tried, and 
ſuppoſe his miſtake to be owing to a portion of charcoal, 
flame of charcoal, or duſt, that got into the crucible. 
Native ſulphur is frequently found growing with calca- 
greous ſpar and gypſum, but it ſhould be conſidered as. 
heterogeneous. 


Flaky milk-white 3 found with Cobalt and copper 
qores from Saalfeld. | Two 


a 
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Two ſpars from the Hartz, compoſed of flakes and 
cryſtallized. 


16 


Ditto from Saxony. 

Striated ſpar from Scotland, brought here by Mr. 

. intermixed with cinnabar and ochre of iron from 

Obermoſchel in the dutchy of Deux Ponts. 
Red ochry compact ſpar from Derbyſhire. 


I ſhall give a few of my experiments on theſe ſub- 
{tances compared with the common Paris montmartre 
plaſter ſtone; all theſe were deprived of their humidity 
before they were ſubmitted to trial. 

Two drams of the Pans plaſter ſtone, treated as in the 
former experiment, with an equal quantity of alkaly of 
tartar, produced z j fl. and gr. viii. of tartar of vitriol'”, 

The inſoluble part remaining after being deprived of 
its ſaline part by water, was digeſted with diſtilled vine- 
gar, which efferveſced and diſſolved the whole of it, ex- 
cept a ſmall portion, which, when waſhed and dried, 
weighed gr. vi. and had the appearance of tobacco-pipe 
clay. Had I taken a pure white tranſparent gypſum, I 
believe that no ſediment would have been left. From 


(a) The tartar of vitriol, of all the trials I make mention of in this paper, 
was diſſolved in diſtilled water, and mixed with a ſolution of calcareous earth 
in acid of ſalt, which cauſed a copious ſelenſtical precipitation, a clear demon- 
tration of the exiſtence of the acid of vitriol, 


this 
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this experiment it appears, that gr. xcviii. of/vitriol was erle- k 


produced by gr. cxiv. of pure gypſum, for mh gr. vi. o 
clayey matter muſt be deducted. 

The like quantity of Derbyſhire cauk, treated in the 
ame manner, produced gr. lix. of tartar of vitriol, and 
the clayey matter, which exactly reſembled the former, 
weighed gr. xxiii. 
| The ſtellated ſpar from the ifland of Sheppy, fub- 
Y mitted in the ſame proportion to the ſame trials as the 
C foregoing, produced gr. Iviii. of tartar of vitriol, and gr. 

xxii, of clayey matter, which was whiter than in the 
former. 

WOoDwWARb 's erica formed ſpar in the like proportion 
and manner as the former, afforded gr. xxxviii. of tartar 
Jof vitriol, and gr. xlii. of clayey matter. 5 
Jo ſhew that the calcareous earth in the gypſum con- 
W tained a greater portion of acid of vitriol than that in the 
| ſelenitical ſpars, I reaſoned thus, having previouſly ſub- 
W tracted the clayey matter of each. 

W If x 14 grains of plaſter (the 6 grains of clay being 
educted) afford 98 grains of tartar of vitriol, how much 
Wiſhould 97 grains of the gypſeous matter contained in 
Hauk afford. (for the clayey ſubſtance mult alſo here be 
I e From this rule it ſhould produce 837 

rains of tartar of vitriol, and nme the quantity 
Vor. LXIX. D- was 
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was only 59 grains. Hence it is clear, that the calcareous 
earth of the gypſum contains a greater proportion of 
acid of vitriol than that of the cauk. 

According to this rule, the ſtellated ſpar from Sheppy 
ſhould have afforded 845 grains of tartar of vitriol, but 
it produced only 58 grains. | 

The ericay formed ſpar by the ſame rule, ſhould have 
afforded 65 grains of tartar of vitriol, but the quantity 
was only 38 grains. 

As I ſuſpected that the ſelenitical ſpars contained ſome 
calcareous earth, not united to the acid of vitriol, I di- 
geſted ſome of them with rectified pure acid of nitre, 
and afterwards well waſhed and dried them but the loſs 
of weight was very trifling, except in the cauk and erica 
formed ſpar; the firſt probably containing ſome marcaſ- 
fitical particles of copper, and the laſt an ochre of iron. 

Dr. LEWIS, in his tranſlation of NEWMAN's Che- 
miſtry, quotes from the Philoſophical Tranſactions ſome- 
what remarkable about cauk, that when Hletted with 


antimony it gives it a ſhining ſurface like ſteel. 


I repeated the experiment as follows: I powdered and | 
mixed Z ſſ. of cauk with Z iij. of antimony, and put the 
mixture into a red hot crucible; and when melted, which N 
readily happens, I ſtirred it with an iron rod, and poured 
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it into an iron mortar. This matter in its fracture has 
appearances of RULANDUS's falſe liver of antimony. 

I have allo tried, in the ſame proportion and manner, 
the following ſubſtances, and found the effects ſo much 
alike, that they could be ſcarcely diſtinguiſhed one from 
the other. 

Stellated ſpar, from the iſland of Sheppy. 

Auvergne compact plated ſpar. 

Erica formed ſpar. 

Whited plated gypſum dried. 

Dried whiting. 

Fixed alkaly of tartar. 

Hence we may conclude, that the calcareous earth of 


— 


theſe ſpars and gypſum act on the antimony like fixed 
alkaly, forming a ſort of liver of antimony. 


- Of ſome mineral ſubſtances which contain the earth of 


allum. s 


Tobacco-pipe clay, of all ſubſtances I know, would 
be the fitteſt to make allum with, was it neceffary ; but 
nature has ſupplied it abundantly in other bodies, from 


W Which it is obtained with little art and expence. 


Two drams of dried tobacco-pipe clay, treated with an 


equal quantity of fixed alkaly.of tartar, as in the laſt ex- 
D 2 periments, 
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periments, produced no tartar of vitriol;. nor have I been: 
able to obtain any from the other clays, which I ſubmit- 
ted to the ſame trials: ſuch were the porcellane clay 
from Cornwall, the porcellane clay from Saxony, Stur- 
bridge clay, fuller's earth, as alfo the blue argilla from 
Paris, which M. BEAUME ſays is replete with the acid of 
vitriol'”, and to that he attributes its property of ſetting | 
free the acids of falt petre and of ſea. ſalt; but of this 
more fully hereafter. j 

The tobacco-pipe clay, having been deprived of its 
ſaline part after. the calcination, was as white as chalk,. 
and had loſt its tenacity '”, It increaſed in weight gr. 
viii. and the alkaly was not only diminiſhed in weight, 
but was alſo combined with a portion of the clay; for, 
on ſaturating it with diſtilled vinegar, a gelatinous ſub- 
ſtance was ſeparated. I have often obſerved the forma- 
tion of this gelatinous matter on the ſurface of the Vaux- 
hall ſtone bottles, in which I had kept for ſome months 


(b) M. BEAvuns, in order to demonftrate the acid of vitriol in the clay, has 
boiled it for a conſiderable time with fixed alkaly, and thereby obtained tartar of 
vitriol: had he made uſe of a pure alkaly, I would take upon me to ſay, that his 
experiment would have failed. The alkaly. he uſed contained already tartar of 
vitriol, which became more manifeſt by long boiling, as a portion of the alkaly 
combines with the clay. 

(c) Might not this be ſubſtituted in the room of white lead for painters uſe, 
the white lead having many bad qualities, and being very injurious to ſome | 
other colours ? 3 
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oil of tartar, per deliquium. This ware is made with 
tobacco-pipe clay and ſand, and when well burnt is not 
acted on by either acids or alkalies. 


This ſhews-the union of clay with alkalies, and that. 
may be the chief reaſon why it ſhould, when helped 


with heat, be ſo uſeful in obtaining the acids of nitre 
and of ſea ſalt. I have alſo obtained this gelatinous ſub- 


ſtance by mixture of tobacco-pipe clay and oil of tartar, 
fer deliquium; for after ſome months, the alkaly being 
diſſolved with water and evaporated, had in great part 


a gelatinous conſiſtence. This mixture was ſtirred now 


and then, and had a remarkable volatile alkaline ſmell.. 


Mr. BOYLE ſays, that clay diſtilled with ſea ſalt produces 
a ſal ammoniac, and I found it to be always true when 
the diſtillation is at firſt ſlowly conducted. 

I have often made allum with tobacco-pipe clay cal-- 


cined with oil of vitriol, but kept no notes of the quan-- 


tity I obtained; and as for the reſduum uſed in this ex- 


periment, it was loſt. I can, however, tell the quantity of 
© allum which the porcellane clay from Cornwall affords. 


Z Two drams of this clay, which had been treated with its 
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weight of fixed alkaly, and deprived of its ſaline part, 
g then calcined four different times, with a freſh portion 
each time of oil of vitriol, produced = ff. and gr. xxiv. of 


good. 
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good cryſtallized allum'”. The fourth calcination af- 
forded no allum, and what remained, after being dried 
and waſhed, weighed gr. lv. What this matter is I have 
not yet tried; perhaps it may be of the quartzy kind, 


Hence it appears, that this clay contains half its weight 
of earth of allum, which, by its union with the acid of 


vitriol and the water that enters into its cryſtallization, ' | 


produces better than four times its weight of allum, and 
therefore this clay treated with acid of vitriol affords 
more tharr double its weight of allum. 


Of Feld ſpar. 


The honourable Mr.” GREVILLE, a member of the 


Royal Society, and remarkable for his taſte and ſkill in 


natural hiſtory, as well as for his judicious remarks on 
the nature, growth, and formation of minerals, has in 
his travels made ſome very intereſting obſervations on 
the formation of Feld ſpar; the ſpecimens which he col- 
lected on the ſpot ſhew evidently the change of clay into 
this ſpar, and alſo the different gradations of the change. 


(4) The celebrated Mr. MAROGRAT, to whom the diſcovery of making allum 


with argilla and acid of vitriol is due, could not obtain the allum in a cryſtal- | l 
lized ſtate without the addition of ſome fixed alkaly. His miſtake was owing to 


the exceſs of acid of vitriol, which the alluminous earth of the clay retained for 
want of ſufficient heat, and which he corrected by ſaturating it with an alkaly. 


The 
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The Feld ſpar I made uſe of was given me by that 
moſt excellent chemiſt, M. RoVELLE of Paris, and I think 
he told me it came from Alengon. 

In order to make allum of it, I melted Z j. of it with 
Z j ſſ. of fixed alkaly of cream of tartar, and let the mix- 


ture run per deliguium. This operation is as tedious and 
as troubleſome to perform as the liquor ſilicum made with 
flint, quartz, or cryſtal, for it is as liable to froth and boil 
over. No neutral ſalt was here obtained. The del/iqu1u7: 
with its dregs were mixed with diſtilled vinegar, which 
precipitated the ſpar: this precipitate, after edulcoration 
and exſiccation, was calcined four different times, with 
freſh parcels each time of oil of vitriol, and afforded * 
vij. and gr. xvi. of good and regularly cryſtallized / 3 
allum; the part which afforded no more allum, when 
waſhed and dried, weighed 3 j. and © ij. 

The Labradore ſtone ' is alſo a Feld ſpar, though not 


ſo hard as the former. The like quantity of this, treated 
as the foregoing, gave no marks of neutral ſalt; the 
quantity of allum was 3 j. 3j. and gr. xii.; and the un- 


(e) This ſtone is only found on the Coaſt of Labradore, and was brought here 

by che direction of the Rev. Mr. La TROBE, remarkable for his picty and zeal 
WT in propagating the goſpel among the ſavage Indians, This ſtone reiiets a 
; varicty of fine ſhining colours, ſuch as blue, green, yellow, &c. | doubt not 
but tlat ſeveral other ſtones, which reflect various and changeable colours, upon 
trial will be found to be Feld ſpars, 


6 diffolved 
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diſſolved part weighed ; v. and gr. xxxvi. This ſpar 
does not boil up in its fuſion with the alkaly near ſo 
much as the other, and therefore the loſs in the opera- 
tion is trifling compared to it, and on that account it 


_ affords a greater proportion of allum. 


Shirl frequently, though erroneoufly, called baſaltes. 


The ſhirl I tried is of a brown colour, forms a. maſs of 


long minute priſms cloſely adhering together, and comes 


from Bohemia. Its brown colour is owing to iron. 
This ſhirl, treated in the ſame proportion and manner as 
the Feld ſpar, afforded no neutral ſalt. The quantity of 
allum was 3 ij. 3j. and gr. xxiv.; but I muſt obſerve, 
that the two laſt cryſtallizations contained iron, and the 
mother water that remained was of an oily conſiſtence, 
had a ſtyptic taſte, and reſembled that obtained in mak- 
ing green copperas. The earthy matter here remaining 


weighed 3 ij. and gr. Iii; was light and of a grey colour. 
Hence it is evident, that ſhirl contains nearly as much 


earth of allum as the Corniſh porcellane clay. 


Mr. ILSEMAN, an ingenious apothecary and chemiſt 
at Clauſthal in the Hartz, has aſſured me, that he ob- 
tained from pumice ſtone and ſhirl a /a/ catharticus 


.amarus, He has, I preſume, made his trials on ſhir] 
5 which 
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which is found with lava, and is the product of a vol- 
cano. I had none of it to try, but judge it, from its ap- 
pearance, to be of a different nature from that found in 
mines. BY 

Allum is commonly obtained from ſlate, which for 
that purpoſe is calcined for a conſiderable time. I know 
no ſubſtance ſo replete with it as the Iriſh ſlate, /apis Hy- 
bernicus of the druggiſts; for this, without any calcina- 
tion, affords allum. 

Allum is likewiſe obtained from the earth or clay of 
Solfatara, and from the red ſlate found near Saarbruck ; 


but theſe have been expoſed, no one can tell how long, to 
the heat of volcanos. Iron always accompanies allum, 


and thence the uſe of ſome alkaly, by which means the 


red chalk (rubrica fabrilis) is obtained. 


Of jaſper. 


Many of the jaſpers, ſo called, owe their origin to 
cryſtal or quartz coloured with iron; perhaps in a few 


F inſtances to copper. Theſe, I dare ſay, treated as the for- 
mer, would produce no allum; but I have only tried one 
of the Oberſtein jaſpers, and this had viſible marks of 
cryſtal. Others of the jaſpers, and theſe I call the true 


Jones, are formed by clay and afford allum; ſuch is the 


. 
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Saxon jaſper, called ribbon agate, as alſo a red one, which 
was given me as coming from Johngeorgenſtadt. From 


thoſe I obtained very good allum, but can give no account 
of the particulars, having loſt the paper which contained 
the reſult of my experiments. ; 


Yellow pitch flone, and wood like 2 pelriſied with pitch 
None, both from Hungary. 


The reſult of my experiments on thefe ſubſtances was | 
ſet down on the ſame paper with that of the jaſpers 
which was loſt; but I recollect to have only obtained a 
ſmall portion of allum, and for that purpoſe was obliged, 
before I obtained the allum well cryſtallized, to waſh 
away the exceſs of acid with rectified ſpirit of wine. 


Tin ſpar of the Germans, commonly called white tin ore. 


It has a ſparry appearance; but by its lamellated tex- 
ture and great ſpecific gravity, which is equal to that off 
tin grains, is eaſily known. This is ſuppoſed by ſeveral 
to be rich in tin; but the Saxon mineralogiſts affert, that 
it contains none. The only experiment I made with it 
was to digeſt it in a powdered ſtate with acids, by which 
means it acquires a rich yellow colour, like turbith mi- 

7 |  neral;{ 
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neral; the acid of falt anſwers beſt for this experiment. 
This is the only ſubſtance I know of which has this 


property. 


Norway polite. 


This ſubſtance, treated with fixed alkaly, as in the 
former experiments, afforded no neutral ſalt; and what 
remained, after the alkaly was waſhed away, treated with 


W crude ſtate. 


A account of ſuch ſubRances as have a ſparry appearance, 
1 and how to diftinguiſh the one from the other. 


Cryſtal and quartz are eaſily known by their great 


| afford when ſtruck with ſteel. " 

Feld ſpar is frequently ſo hard as to ſtrike fire with 
WH ftecl, and to give copious ſparks of fire; but its laminated 
texture, as well as its breaking into rhombs, makes it 
eaſily diſtinguiſhed from cryſtal and quartz. 

Phoſphoric fpar is eaſily known by the luminous ap- 
pearance it has when heated, and alſo by the ſmell it 


acids, formed the like gelatinous matter as it does in its 


S hardneſs, and by the copious ſparks of fire which they 


E 2 affords - 
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affords when added to oil of vitriol made hot, which 
exactly reſembles that of acid of falt. It is found of 


various colours, as green, blue, purple, crimſon, white, 


and alſo yellow. When cryſtallized it forms perfect 
cubes; the only exception I ever met with was a ſpeci- 
men of the green ſort, which was ſent me by Mr. soPER, 
of St. Columb in Cornwall, who has diſtinguiſhed him- 
ſelf by his {Kill in natural hiſtory and mineralogy. Thas 
ſpecimen was compoſed of two quadrangular pyramids 
united together at their baſis. 

Selenitical ſpar is found cryſtallized in a great variety 


of forms; is heavier than the foregoing ſubſtance does 
not efferveſce or diflolve with acids, nor is it ſo hard as 
the phoſphoric fpar. 

Calcareous ſpar 1s eaſily diſtinguiſhed from other ſub- 
ſtances by its efferveſcences and ſolution in the acids of 
nitre and fea ſalt. Acid of vitriol, added to theſe ſolu- 
tions, cauſes a ſelenitical precipitation: this ſpar is nei- 
ther ſo hard nor ſo heavy as the foregoing ſubſtances, 
and cryſtallizes in a great variety of forms. 

-Gypfum 1s lighter than any of the foregoing fub- 
ſtances, and is ſo ſoft as to be eaſily ſcratched with one's 
nail; it does not efferveſce nor diſſolve with acids, and is 
the only ſubſtance that forms plaſter when burnt; it | 
cryſtallizes in a great variety of forms, 

5 Mica 


eme Mineral Subſtances. 29 


Mica or Glimmer. This is lighter than any of the 
ſparry ſubſtances; is compoſed of very thin flexible 
flakes, more or leſs large. Many of this kind are found 
in form of ſmall coloured ſcales of various colours, and 
very much reſemble the bronzes. 

Tin ſpar, or white tin ore, ſee its deſcription here- 
tofore. 

White lead ore is found of a great variety of forms; 
is very heavy, efferveices with the acids of nitre and ſea 
ſalt, and totally diſſolves in them, with the help of heat. 
With the acid of falt it forms cryſtals much reſembling a 
ſilver coloured glimmer, juſt as common lead would have 
done, and with the acid of nitre it forms regular cryſtals. 
The ſpathoſe iron ores, when powdered and put on a 
red-hot iron or ſtone, inſtantly become black, and look 
like a black, ſhining, micaceous iron ore. 

Zeolite is lighter than the calcareous ſpars : {ee its pro- 
perties already deſcribed. 


Of a /et of ſpars whoſe properties were not hitherto known, 
and experiments made on one of them. 


This ſpar cryſtallizes in form of flat, and alſo of folid, 
rhomboidal cryſtals, and is found of a great varicty of 
colours, ſuch as white and ſemi-tranſparent, of a pearl 
colour, 
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colour, reddiſh, and of different ſhades of brown and 
yellow, ſome of them being like gold, braſs, and copper, 
It has always a peculiar gloſs or brightneſs. May not the 
green and yellow glimmers from Johngeorgenſtadt be 
of this kind? | 
Ihe ſpecimen I made uſe of for the following experi- 
ments is in Dr. HUNTER's collection, and ſeemed to be 
well adapted for this purpoſe, it being perfectly free from 
any matrix or heterogeneous matter. The whole ſub- 
ſtance of it is a cruſt compoſed of rhomboids, which 
grow out of one another, and form a variety of cavities: 
its colour 1s white and ſemi-pellucid, and on one fide 
there was a {light marcaſitical coating. This ſubſtance 


comes from Joachimſthal, and is harder than any of | 


thoſe mentioned before, except the cryſtal, quartz, and 
feld ſpar. 


EZRA PERIMNK ENT I. 


Three drams of this ſpar, with an equal quantity of | 
fixed alkaly of cream of tartar, melt with a moderate de- 
gree of fi but the mixture ſoon becomes thick and} 
cakes. It was after an hour's calcination ſuffered to cool, 
then was powdered and deprived of its ſaline part with 
boiling diſtilled water, This ſaline part, treated as in the 

other 
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other experiments with diſtilled vinegar and rectified 
ſpirit of wine, gave no marks of neutral ſalt. The un- 
diſſolved part after this operation dried, weighed 3 ij. and 
gr. I.: this was mixed with oil of vitriol, which cauſed a 
ſtrong efferveſcence, and then calcined, to be deprived of 
its exceſs of acid. It was now digeſted, at three different 
times, with diſtilled water, which diſſolved a portion of 
it; what remained undiſſolved after this operation, being 
dried, weighed 3 j. and gr. li. and was a ſelenite, as will 
appear by further experiments. The three portions of 
water, with which this matter was digeſted, mixed toge- 
© ther, then evaporated and cryſtallized, produced 3 ij. and 
gr. xlv. of a white ſalt, moſtly conſiſting of rhomboidal 
Wy priſms, ſome lying flat and ſome erected ſideways. This 
I judged, by its ſtyptic taſte, to contain iron, and by its 
© white colour to contain a al catbarticus amarus, or at 


leaſt a new earth, which with the acid of vitriol forms 2 - 
ſoluble ſalt. | 


EXPERIMEN T II. 


This ſpar, in its crude ſtate, efferveſces ſttyngly with 
oil of vitriol diluted with water. Three drams of the ſpar 
treated in this manner, and afterwards deprived by calct- 
Ration of its exceſs of acid, and then of its ſaline part by 


diſtilled 
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diſtilled water, left a ſelenite, which when dried weighed 
3 ij. and gr. xx. This proportion 1s greater than in the 
former experiment, which I attribute to the acid of vitriol 
having been diluted with water, and its combining on 
that account in a greater quantity with the calcareous 
earth of the ſpar. The ſaline part by evaporation and 
cryſtallization produced Zij. and gr. Xxvili. of ſalt, com- 
poſed of ſmall long cryſtals, like Epſom ſalts; it taſte was 
bitter and ſtyptic. 

This ſpar, in its natural ſtate, efferveſces ſtrongly with 
rectified acid of ſalt, produces heat, and totally diſſolves 
in it; the ſolution is of a fine yellow colour. 

Rectified acid of nitre diſſolves alſo this ſpar with 
efferveſcence and heat; but the ſolution is colourleſs. 

I judged from the foregoing experiments that this 
ſpar was compoſed of calcareous earth, ſome iron, and 
a portion of ſome other earth, which, with acid of vitriol, 
forms a ſoluble ſalt, 


TETXPE RENE NTT. 


In order to determine the quantity of calcareous earth 
this ſpar contained, I diſſolved three drams of it in recti- 
fied acid of ſalt, and by the addition of a ſufficient quan- 


tity of a ſolution of tartar of vitriol in water, I obtained 
a ſelenite, 
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a ſelenite, which, when waſhed and dried with a ſtrong 
heat, weighed 7 iijj. and gr. xxxvi. 
Three drams of dried whiting, diſſolved in the fame 
acid, and treated in the like manner, afforded 3 iv. and 
gr. xvii. of ſelenite. The whiting was all diſſolved, ex- 
cept three grains. The calcareous earth contained in the 
fpar muſt, by its formation into ſelenite, be increaſed in 
weight in the ſame proportion as the whiting; and hence 
it is evident, that three drams of this ſpar contains 3j ſſ. 
and gr. xix, of calcareous earth. The remaining part 
muſt be the earth above-mentioned, with ſome iron. 


EL PP RREEME NT IV. 


In order to judge of the quantity of iron that this ſpar 
contained (not having any more of it left) I took the ſalt 
of the firſt experiment, and diſſolved it with water, to 
which I added forne acid of ſalt. I then precipitated the 
iron in form of Pruſſian blue with the common alkaline 
lxivium uſed for that purpoſe, and thereby obtained ſix- 
teen grains of a fine deep-coloured blue. Acid of falt 
was added in the uſual manner, to heighten the colour, 
by which means nothing but iron was precipitated. 

Two drams of common green copperas, treated in the 
ime manner, produced 3 j. leſs *. two grains of the 
VoL. LXIX. F ſame 
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ſame ſort of blue, though not ſo good. Hence we may 
conclude, that the ſalt of the firſt experiment, which 
was produced by three drams of ſpar with acid of vitriol, 
contained thirteen grains of vitriol of iron. 

pruſſian blue, made without help of allum, contains 
nearly half its weight of iron. Hence, from the fore- 
going experiments, three drams of this ſpar contain 
gr. viii. of iron, 3 j. and gr. xlix. of calcareous earth, and 
33. gr. iij. of the earth of /a/ catbarticus amarus, or per- 
haps ſome other earth, which forms, with acid of vitriol, 
a ſoluble ſalt. 

The ſpathoſe iron ore being frequently found cryſtal- 
lized like the foregoing new ſpar, and having allo a gloſs 
on it, I was willing to try whether it had any affinity 
with it; but by the following experiments it appears to 


be of a different nature, not containing any calcareous i 
earth. 

The ſpathoſe iron ore diffolves almoſt totally in acid 
of ſalt, and the ſolution is of a deep yellow colour. A 
ſolution of tartar of vitriol in water added to it cauſes no 
precipitation; and hence it is evident, that it contains no 
calcareous earth. Acid of vitriol treated with the ſpa- 
thoſe iron diſſolves the whole of it, excepting a few dregs; 
another proof of its containing no calcareous earth. The 


acid of nitre diſſolves alſo this ſpar, and the ſolution 1s 
colourleſs, 


ee 
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IV. Account of a Petreſaction found on the Coaſt of Eaſt 
Lothian. By Edward King, E/q. F. R. 5. 


TO SIR JOHN PRINGLE, BART. P. R. 8. 
) — ohn- 
S I Ry | N 778. 


Read Nov. 26, 


. N conſequence of the honour you did me, 
1778. 


to put into my hands a very curious ſpe- 
cimen of a recent petrefaction, permit me now to offer to 
your conſideration a few thou ghts concerning this pro- 
duction, which have occurred to me on comparing it with 
others of a ſimilar kind, and which may at leaſt ſerve as 
hints for further inveſtigation. | 

We ſhould not venture, it is true, without great 
caution, to ſpeculate on theſe matters, as haſty and 
ſpecious concluſions may eaſily be - drawn by any. 
one who indulges too readily a quick and lively ima- 
gination, which will ever be too ready to miſlead, ra- 


ther than to procure ſolid information. But though I 
F 2 am 
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am well aware of this danger, yet I venture to lay before 


you theſe few obſervations; and if you judge them at all 
worthy of attention, I would wiſh to communicate them, 
through your hands, to the Royal Society, for they are 
not made merely in conſequence of a ſlight and haſty 


ſurvey of this one ſpecimen, but are in truth concluſions 


that I have been led to form incidentally i in the courſe of 
a. very long inquiry, which I have been for ſome years. 
purfuing on another occaſion; the reſult whereof I ſhall 
perhaps, if live, hereafter communicate to the Society 
in a more full and explicit manner than the compaſs of 
a paper of this kind will permit. | 

The account of this ſpecimen, with which you fa- 
voured me, is. as follows. In the year 1745, the Fox. 
man of war was. unfortunately ſtranded. on the. coaſt of. 
Eaſt Lothian in Scotland, and there went to pieces; and 
the: wreck remained about three and thirty years under 
water; but this laſt year a violent ſtorm from the North- 
eaſt laid a part of it bare, and ſeveral maſſes, conſiſting of 
iron, ropes, and balls, were found on the ſands near the 
place, covered over with a very hard ochry ſubſtance, of 
the colour of iron, which adhered thereto ſo ſtrongly, 
that it required great force to detach it from the frag- 
ments of the wreck. And, upon. examination, this ſub- 
ſtance 
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france appeared to-be ſand, concreted and hardened into 
a kind. of ſtone. | 

The ſpecimen now laid before the Society had been. 


taken out of the ſea, from the ſame ſpot, ſome time be- 


fore, and is a conſolidated maſs that had undergone the 


ſame change. It contains a piece of rope that was ad- 


joining to ſome iron ring, and probably had been tied 
thereto.. The ſubſtance of the rope is very little altered; 
but the ſand is ſo concreted round it, as to be as hard as 
a bit of rock, and retains very perfectly impreſſions of. 
parts of the ring, juſt in the ſame manner as impreſſions. 
of extraneous foſſil bodies are. often found in various 
kinds of. ſtrata. 

Now, conſidering theſe: circumſtances, we may fairly 
conclude, in the firſt place, that there 1s, on the coaſts of 
this iſland, a continual progreſſive induration of maſſes of 
ſand and other matter at the bottom of the ocean, ſome- 
what in. the ſame manner as there is at the bottom of the 
Adriatic ſea, according to the. account given. by. Dr. 
DONATI'®. 

And, in the next place (which is what more particu- 
larly deſerves our attention on this occaſion), it ſhould. 
ſeem, that iron, and the ſolutions of iron, contribute very. 
much to haſten and. promote the progreſs of the concre- 
tion and induration of ſtone, whenever they meet and are. 


(a) See the Phil, Tranſ. vol. XLIX. p. 588. 


united. 
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united with thoſe cementing cryſtalline particles, which 
there is reaſon to believe are the more immediate cauſe 
of the conſolidation of all ſtones and marbles whatſo- 


ever, and which do very much abound in ſea water. 
It would exceed the limits of this paper, were ] to at- 
tempt here to mention only a ſmall part of the various 
facts that have come to my knowledge; and which have 
convinced me, and I truſt, when offered fairly to the con- 
ſideration of others, will make it appear fully to all that 
are attentive to theſe kind of reſearches, that there is, to 
this very day, a formation of ſtone, and even of marble 
itſelf, in certain placéssin a much more perfect manner, 
than has been generally conceived; and far beyond what 
has been ſuppoſed, even by thoſe who have been ready 
too haſtily to account for ſuch a proceſs merely in conſe- 
quence of obſervations made on ſtalactitical and ſuch like 
ordinary concretions. | 
I ſhall not therefore preſume to trouble the Society, at 
preſent, with any detail of the inquiries I have made re- 
lating to that ſubject, though in reality they have been 
the foundation of the obſervations made in this paper; 
but ſhall confine my remarks merely to this one cu- 
rious circumſtance; that wherever there 1s any indu- 
ration and petre faction of matter, from any cauſes what- 
ever, it is greatly haſtened in its progreſs, and the conſo- 
lidation 1s rendered much more compleat and firm by 
being 
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being near any mals of iron, and ſtill more ſo by the ad- 
mixture of any folution of that metal. | 
This appears, in ſome degree, from the preſent ſpe- 
cimen; where, near adjoining to the ring, and in the 
portion of the fragment that has the largeſt impreſſion 
thereof, the concreted ſand-ſtone is of a firmer texture, 
and there is a larger- cohering maſs formed about that 
part of the rope, than about thoſe parts that are further 
removed from the ring. 
It appears alſo from a circumſtance that was particu- 
larly taken notice of when the wreck was diſcovered by 
the ſtorm this year (and which is, 1entioned, $1R, in the 
letter you favoured me with a ſight of); for the maſſes 
that were obſerved to have theſe concretions adhering to 
them, were not maſſes of timber, or other large fragments 
of the wreck, which one would think, on a flight conſi- 
deration of the matter, were moſt likely to cauſe obſtruc- 
tions at the bottom of the ocean, and to form little banks 
of ſand, that might afterwards be concreted; but they 
were maſſes of looſe iron and ropes, and even of cannon 
balls, which were thus conſolidated. 
The ſame concluſion alſo may be drawn, with ſtill. 
more appearance of its being well founded, from a very 
remarkable piece of antiquity, which was diſcovered 
about three years ago on the coaſt of Kent. Some fiſher- 
men, {weeping for anchors in the. Gull fiream (a part of 
6 - the 
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the ſea near the Downs), drew up a very curious old lf : 
{ſwivel gun, near eight feet in length. The barrel of the Ill i 
gun, which was about five feet long, was of braſs; but Ill ! 
the handle (whereby it was to be turned or traverſed) Wl ! 
which was about three feet in length, and alſo the ſwivel | ! 
and pivot on which it turned, were of iron, and all round Hr 
theſe latter, and eſpecially about the ſwivel and pivot, 1 
were formed exceeding hard incruſtations of ſand, con- 
verted into a kind of ſtone, of an exceeding ſtrong tex- 0 
ture and firmneſs; whereas round the barrel of the gun, Ii 
except where it was near adjoining to the iron, there Il v 
were no ſuch incruſtations at all, the greater part of it Wt! 
being clean, and in good condition, juſt as if it had ſtill tb 
continued in uſe'”. FS Ni 
ff The. incruftatien round the iron part of this gun was WS! 
alſo the more deſerving: of attention, becauſe it incloſed WV 
within it, and alſo held faſtly adhering to it on the out- P 
ſide, a number of ſhells and corallines, juſt in the fame e 
manner as they are often found in a foſſil ſtate. There Vi 
were plainly to be diſtinguiſhed, on the outſide of this 
maſs of incruſtation, pectens, cockles, limpets, muſcles, Vi 
vermiculi marini and balini; and beſides theſe, one bþ14Cc- Tt 
(b) As there were ſeveral remarkable particularities in this gun, tending to a 
explain ſome curious facts in hiſtory, I took the liberty to give a full account of lp 


it, with a view to illuſtrate them, in a memoir laid before tlie Antiquarian So- 
ciety laſt year, 
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zum and one oyſter; and they were all ſo thoroughly and 
ſtrongly fixed thereto, and themſelves alſo converted into 
ſuch an hard ſubſtance, that it required as much force to 
ſeparate or break them, as to break a fragment off any 
hard rock; and in colour and appearance, they much 
reſembled ſome of the maſſes of foſſil bodies found near 
Chippenham in Wiltſhire. 

This remarkable incruſtation, therefore, thus confined 
to the parts of the gun adjoining to the iron, and appear- 
ing no where elſe upon it, plainly indicates, that the iron 
was, by ſome means or other, the more immediate cauſe 
thereof: and yet it is to be obſerved, that in this inftance 
the iron was very little diſſolved; for although it is ma- 
nifeſt, from ſome circumſtances in its hiſtory, that the 
gun muſt have remained in the ſea above two hundred 
years, and probably a great deal longer, yet the greater 
part of the handle and of the ſwivel remained entire, and 
even the point of the pivot was undiſſolved, and very 
Viſible, | 
Another curious appearance alſo, of a ſimilar nature, 
will tend further to confirm the obſervations here made. 
This is found in a ſpecimen (now in my poſſeſſion) of a 
moſt remarkable incruſtation, that was formed in the 
ſpace of three years only, within a ſquare wooden pipe, 
in a Coal Mine in Somerſetſhire. I gave a very particu- 


(c) See the figure marked G 41, 
Vor. LXIX. G FERRET 
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lar account of this production in a paper laid before the 
Society in the year 177 3'”, and therefore ſhall ſay no- 
thing of it here but what immediately relates to the pre- 
ſent purpoſe. The pipe was forty-two feet in length, 
and the hollow part of it was feven inches and an half 
wide, by four inches and an half; and this whole cavity 
was ſo filled with the incruſted matter (which was hard 
enough to take an exceeding fine poliſh, like the moſt 
beautiful marble) that at laſt there was left a water way, 
which, nearly uniformly throughout the whole length 


of the pipe, was only about three inches. and an halt by 
one inch; and thus there was formed, within the firſt 
wooden pipe, a ſecond pipe of this incruſtration, the 
thickneſs of the ſides of which was about one inch and 
an half. On cutting a tranfverſe ſection of this pipe 
there appeared a number of uniform lines, forming al- 
moſt regular ſimilar parallelograms, one within another, 
Uke the coats of an onion, and plainly denoting the gra- 
dual and regular progreſs of the formation of the whole 
incruſtation. But the circumſtance moſt remarkable, and 
that is more immediately applicable to the preſent pur- 
poſe, is, that where there was, by accident, the point of 3 
pail projecting through the ſide of the wooden pipe, it ſo 
accelerated the progreſs of the incruſtation, that, adjoin- 
ing thereto, the ſimilar ſides of the firſt and outward 


(ad) Phil. Tranſ. vol. LXIII. p. 241. 
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parallelograms next the wooden pipe (inſtead of conti- 
nuing as ſtraight lines) formed in that place very bold 
ſemi-circular curves, or protuberances, one beyond ano- 
ther, projecting from the wooden pipe inwards; and this 
curvilinear projection was uniformly continued through- 
out all the ſimilar parallelograms quite to the inward 
cavity of the pipe formed by the incruſtation, and there at 
laſt occaſioned a projecting gibboſity, of a conſiderable 
extent every way, from the point of the nail //. 

Having mentioned theſe remarkable facts to my very 


learned and ingenious friend Dr. FOTHERGILL, I had the 
pleaſure to find they ſtruck him much in the ſame light 
in which they had appeared to me; and that he, more- 
over, formed the ſame concluſion concerning the ſpeci- 
men now laid before the Society that you had alſo formed 
and mentioned in the note you favoured me with when 
you ſent the ſpecimen to my houſe; namely, that the 
concretion was effected by the ſolution of the adjoining 
iron ring. 

Dr. FOTHERGILL alſo (who had communicated ſome 
very original conjectures upon this ſubject to the So- 
ciety many years '// ago) informed me of ſome further 

(e) There 5 dos Samar ef the jncruftarion formed within this pipe, 


with a trafſverſe ſection thereof poliſhed, in the Muſeum of the Royal Society; 


but that with the point of the nail, which is here alluded to, is ſtill in my 
poſſeſſion. 


In a paper on the Origin of Amber, read in the year 1743. 
G 2 curious 
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curious facts, which he permits me now to mention in 
this paper. 

On paſſing through the ſtreets of London in his 
walks, before the ſign- irons were taken down, he per- 
ceived, that on the broad ſtone pavements, whenever he 
came juſt under any ſign-irons, his cane gave a. different 
found, and occaſioned a different kind of reſiſtance to 
the hand, from what it did elſewhere; and attending 
more particularly to this circumſtance, he found, that. 
every where, under the drip of thoſe irons, the ſtones 
had acquired a greater degree of. ſolidity, and:a wonder- 
ful hardneſs, fo as to. reſiſt any ordinary tool, and gave, 
when ſtruck upon, a. metallic found: and this fact, by 
repeated obſervations, he was at length. moſt thoroughly 
convinced of. 

Taking the hint, therefore,. from hence, he thought 
fit to make ſeveral experiments; and, amongſt the reſt, 
laced two pieces of Portland ſtone in the ſame aſpect 
and ſituation in every reſpect, but waſhed the one fre- 
quently with water impregnated with ruſty iron, and left Ii ſ 
the other untouched: and in a very few years he found is 
the former had acquired a very ſenſible degree of that Ip 
hardneſs before deſcribed, and on being ſtruck gave the 
metallic ſound; whilſt the other remained in its original 
fate, and ſubject to the decays occaſioned by the changes . 
of 
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of the weather, which we find in many inſtances make 
a moſt rapid progreſs. 

He alſo mentioned to me a very curious circumſtance 
of his having found on the ſea-coaſt near Scarborough, 
many years ago, part of an horſe-ſhoe incruſted with ſea 
ſand, which was ſo concreted as to have acquired the. 
hardneſs of common grit ſtone, and retained the colour 
of the ſand, with very little tincture of the iron ochre: 
and by the part which was left free from the incruſtation 
it appeared moſt probable, that the horſe- ſhoe had not 
been buried there many years, but had very recently ac- 
quired this incruſtation upon that part only that was 
moſt expoſed to the waſhing of the ſea water. 

Now, all theſe facts put together ſcarce leave any 
doubt but that iron, and ſolutions of iron, do grealy pro- 
mote and haſten the progreſs of all kinds of petrifaction; 
and therefore, to purſue Lord BacoN's rule of induc- 
tion, deducing truth from a variety of facts and experi- 
ments, all manifeſtly and uniformly leading us to the 
lame concluſion, we may fairly infer, that whereas iron. 
is of ſuch manifeſt uſe in the progreſs of vegetation, that 
Plants are indebted for their green colour, and for. 


(t) There are ſome exceeding curious experiments and obſervations of Mr. 
DELAVAL's, tending to illuſtrate this fact, in the Phil, Tranſ. vol. LV.. 


p- 36, 37. 
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many of their valuable qualities, to its being intimately 
mixed in their ſubſtance; and as it is moreover obviouſly 
uſeful, ſome way or other, in the animal ſyſtem, and may 
be extracted by the magnet from the aſhes of animal 
ſubſtances; ſo it is no leſs uſeful in the conſolidation of 
ſtones and marble in the foffil world. | 
Mr. PRYCE, in a very uſeful and curious treatiſe of 
Mineralogy '*/, has moreover lately ſhewn it to be equally 
uſeful in the mineral world, by forming a proper nidus 
for the aſſemblage of the moſt valuable metals, and at- 
tracting and uniting them thereby. This metal, there- 
fore, ſeems to be almoſt univerſally one of the greateſt 
bands that unites the ſeveral parts of matter, and one of 
the moſt uſeful and important of ſubſtances in the world. 
It is not for us to preſume to comprehend any thing 
about the original formation of bodies. Such diſquiſi- 
tions are far out of the reach of our faculties; nor do I at 
all pretend to enter into them: but we are permitted to 
behold and conſider the works of the Almighty, and may 
become wiſer and reap profit from the contemplation of 
them, and may perceive in what manner many new 
combinations of matter are continually effe&ed. | 
And as we manifeſtly perceiye plants to grow daily 
for the neceffary ſupplies of life, without knowing how 


(h) Mineralogia Cornubienſis, p. . 67. . 
they 
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they grow; but yet are convinced they are nouriſhed 
by means of the ſalts and particles of matter conveyed to 
them by water and vapour, and that iron is a neceſſary 
ingredient in their compoſition; ſo.I am perſuaded we 
ſhall, at length, perceive (notwithſtanding the general 
opinion to the contrary) that even ſtones and marbles are 
{till continually forming in the earth for the ſervices of 
human life, and to fupply the continual waſte and decay 
that there is of thoſe ſubſtances; and that the conſolida- 
tion of them is effected by means of water and vapour 


likewiſe (of which I am able to produce very many and 
convincing proofs); and that iron, which is what alone I 
with now to make apparent, is unqueſtionably a princi- 


pal means of effecting the induration of many of thoſe 
bodies. 


paper as a matter of mere ſpeculation. I would wiſh that 
ſome hint, which might be more immediately uſeful, 
ſhould, if poſſible, be derived therefrom; and ſuch has 
been ſuggeſted to me by Dr. FOTHERGILL. 

If iron and the ſolutions of iron do thus contribute to 
the induration of bodies, fuch ſolutions muſt probably 
have that tendency in every ſtage of thoſe bodies exiſt- 
ence; and therefore it ſeems likely, that the fine orna- 
mental carvings in Portland, or other ſtone, might be 

much. 


But I would not iid trouble the Society with this 
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much hardened, and preſerved for a much longer time 
than has been uſual, from the injuries of the weather, by 
being waſhed and bruſhed over by water, in which is in- 
fuſed a ſolution of iron. And perhaps even the ſofter 
kinds of ftones might have been preſerved by this means; 
and the venerable remains of that fine pile of building 
HENRY the v1ith's chapel, might have been ſaved from 
the deſtruction with which we now ſee it ready to be 
overwhelmed, | 

It is very probable, moreover, that common ſea ſand, 
with a very ſmall admixture of a ſolution of iron, may 
at length, without any great expence, be converted into 
a moſt uſeful ſpecies of ſtone, and be applied to the pur- 
Pole of covering the fronts of houſes even more durably, 
and in as beautiful a manner as ſome of the late invented 
ſtuccos; and even thoſe ſtuccos may be improved by 
means of the ſame mixture, 

It muſt be left to future experiments to aſcertain what 
proportions of the ſolutions of iron are beſt to be made 
uſe of; and in what manner the ſolution may beſt be ob- 
tained for this purpoſe; whether by a vitriolic acid; or 
merely by lying ruſty iron for ſome time in water”, 
But one caution ſhould be obſerved; namely, that if too 


(i) It is not perhaps poſfible to contrive a leſs ſaturated tincture of iron than 
the raſt diſſolved in water. 


great 
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great a proportion of vitriolic acid be left in the mixture, 
it may do more miſchief than the iron can do good. 
With this caution it were perhaps much to be withed, 
that experiments” ſhould be made, and attended to, for a 
long courſe of years; for without ſuch continued and re- 
peated trials, it will be impoſſible to determine in what 
manner the application may be made with moſt advan- 
tage. 

I have only therefore to add, that what has been ſaid 
may perhaps receive ſome further confirmation, from 
conſidering that the chief conſtituent parts of all cements 
for ſtone are always lime and iron”; and that any experi- 
ments made in conſequence of theſe obſervations will be 
likely to ſacceed more rapidly in warm climates than in 
colder ones. 

Whatever there is of inaccuracy in this ſhort paper 
will I im perſuaded meet with indulgence both from 
you and from the Society, whilſt whatever truth is 
brought to light thereby will be received and adopted. I 
therefore venture to deliver it into your hands without 
_ heſitation. I am, &c. 


(5) The ages of modern buildings are eaſily known, and there are none but 
whet have iron rails or bars about them expoſed to the weather. If the rain 
drops from them on Portland or any gritty ſtone, it becomes harder. The 
length of time ſuch ſtones have been ſubjected to this proceſs may eaſily be 
known, and the effects produced in them may be verified by repeated compari- 
bons of different fragments. 

(1) See cRoUsTEDsT's Mineralogy, p. 45. 
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1 have added a few rough ſketches to explain what 

has been ſaid in this letter. | 

FIG 1. Repreſents the maſs of concreted 2 and rope 
from the coaſt of Lothian. 

AB ſhews where there is one impreſſion of a part of the 
iron ring. | 

ep ſhews were there is alſo another impreſſion of the 
ring; and 

Ey ſhews where there alſo remain ſome impreſſions of 
bits of untwiſted rope, ſo that this whole maſs ſeems 
to have been formed within the circumference of the 
ring. 

710. 11. Repreſents a tranſverſe ſection of the petrefac- 
tion within the wooden pipe, from the coal mine in 
Somerſetſhire; and 

6 ſhews the place of the point of the nail, and the regu- 
lar curvilinear projection of the petrefaction around 
it, regularly throughout the whole progreſs. 

FIG. III. Is a {ſketch of the gun, ſhewing the parts to 
which the incruſtation adhered. 
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V. Account of Dr. Knight's Method of making artificial 
Loadſiones. By Mr. Benjamin Wilſon, F. R. S. 


TO JOSEPH BANKS, ESQ. P. R. 8. 6 


S I Ry 


Read Dec. 17, HE method of making artificial load- 

* ſtones, as it was diſcovered and prac- 
ticed by the late Dr. GowIN KNIGHT, being unknown 
to the public; and I myſelf having been frequently pre- 
ſent when the doctor was employed in the moſt material 
Reps of that curious proceſs, I thought a communication 
thereof would be agreeable to you and the philoſophic 
world. 

The method was this: having provided himſelf with 
2 large quantity of clean filings of iron, he put them into 
a large tub that was more than one-third filled with clean 
water: he then, with great labour, worked the tub to and 
fro for many hours together, that the friction between 


the grains of iron by this treatment might break off ſuch 
H 2 ſmaller 
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fmaller parts as would remain ſuſpended in the water for 
a time. The obtaining of thoſe very ſmall particles in 
ſufficient quantity ſeemed to him to be one of the prin- 
cipal defiderata in the experiment. | 

The water being by this treatment rendered very 
muddy, he poured the ſame into a clean earthen veſſel, 
leaving the filings behind; and when the water had 
ſtood long enough to become clear, he poured it out 
carefully, without diſturbing ſuch of the iron ſediment 
as {till remained, which now appeared reduced almoſt to 
impalpable powder. This powder was afterwards re- 
moved into another veſſel, in order to dry it; but as he 
had not obtained a proper quantity thereof, by this one 
ſtep he was obliged to repeat the proceſs many times. 

Having at laſt procured enough of this very fine pow- 
der, the next thing to be done was to make a paſte of it, 
and that with fome vehicle which would contain a conſi- 
derable quantity of the phlogittic principle; for this pur- 
poſe he had recourſe to linſeed oil in preference to all 
other fluids. 

With theſe two ingredients only he made a ſtiff paſte, 
and took particular care to knead it well before he 
moulded it into convenient ſhapes. Sometimes, whilſt 
the paſte continued 1n its. ſoft ftate, he would put the 


impreſſion 
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impreſſion of a ſeal upon the ſeveral pieces; one of which 
is in the Britiſh Muſeum. 
This paſte was then put upon wood, and ſometimes 
on tiles, in order to bake or dry it before a moderate fire, 
at a foot diſtance or thereabouts. N 5 
The doctor found, that a moderate fire was 500 pro- 
per, becauſe a greater degree of heat made the compoſi- 


tion frequently crack in many places. 

The time required for the baking or drying of this 
paſte was generally five or ſix hours before it attained a 
ſufficient degree of hardneſs. When that was done, and 
the ſeverab baked pieces were become cold, he gave them 
their magnetic virtue in any direction he pleaſed, by 
placing them between the extreme ends of his large ma- 
Lazine of artificial magnets for a few ſeconds or more, as 
he ſaw occaſion. 

By this method the virtue they acquired was ſuch, 
mat when any one of thoſe pieces was held between two 
Jof his beſt ten guinea bars, with its poles purpoſely in- 


its natural direction, which the force of thoſe very pow- 
erful bars was not ſufficient to counteract. 


I am, &c. 
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VI. Account of an extraordinary Dropſical Caſe. By My, 
John Latham, in @ Letter to Mr. Warner, F. R. S. 


TO MR WARNER, ti 
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8 I R, October 28, 17. P 
Read Dec. 17, FF J HEN I laſt had the pleaſure of ſeeing i v. 
whe pFou, it was your opinion, that the tr 
Royal Society would receive ſome ſatis faction in my giv- o. 


ing ſome account of the caſe of Miſs A. M. who died MW 
lately of a dropſy under my care. m 
This patient was of a florid, lively conſtitution, but di 
from a child was ſubject to a violent eruption, which i | 
came generally on a ſudden, covering the whole neck, t 
breaſt, and often great part of the face; and after re-M 
maining a week or two abated in violence, and went of iſ tl 
by degrees. The intervals were uncertain, but for the © 
moſt part in ſpring and in autumn ſhe was more apt to Þ 
Have it, though frequently three or four times in the . A 
year. Various methods were tried to eradicate this com- 
2 Plaint 
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plaint without effect; nor did the appearance of the 
menſes, as we had ſome reaſon to hope, in the leaſt turn 
out in her favour. It will be needleſs to relate here the 
various medicines which had been given her with little 
or no ſucceſs, except that the moſt relief ſhe found was 
from the uſe of ſalt water, which was thought to make 
the intervals the longer in two.or three inſtances, as well 
as the appearance of the eruption milder. Things con- 
tinued thus ill the autumn 1773, when the menſes be- 
came obſtruci-!, continuing ſo for ſome months, but ap- 
peared once more very plentifully ; after which they ne- 
ver returned, neither did the eruption, except in the moſt 
trifling manner. About Chriſtmas 177 3 ſhe complained 
of a eight in the abdomen, and fulneſs of the ſtomach 4 
which ſymptoms were relieved by ſome gentle opening 
medicines. She then went on a viſit to ſome friends at a. 
diſtance, after which 1 ſaw her no more for two months. 
learned, that during that time the complaints had re- 
turned more violent, for which ſhe conſulted a phyſician 
on the ſpot, but without the relief ſhe found at firſt; for 
the abdomen began to increaſe in ſize every day, and be- 
came painful, the urine high- coloured, and in ſmall 
quantity, with thirſt, and every other ſymptom of an 
approaching dropſy. 


In; 
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In a narrative of this kind it may be expected, that a 
detail of the medicines ſhe took during her illneſs might 


be noted; but as I chiefly acted in my ſurgical capacity, 4 
and as ſhe was after this time, till the firft operation, for 
the moſt part in London, under the care of phyſicians of + 
the firſt eminence, it is out of my power to give ſuch an f 
account; fuflice it then to ſay, that ſhe was obliged to 


fubmit to the operation of the paracentefis the 27th of 
June, 1774. The quantity I then took off was only 
twelve pints, ſomewhat fœtid, but not very dark co- 
loured, nor was it ever after the leaſt offenſive. The ope- 
ration was repeated in {1x weeks, when twenty-nine pints 
were taken off; after that time once in four weeks to 
the end of the year. During the whole of the year m 
1775 I tapped her once in a fortnight more or leſs; and 
in the year 1776 ſhe for the moſtpartunderwent theope- WW... 
ration every eight or nine days, the intervals gradually ¶ fu 
ſhortening, till by the end of the year ſhe could go no t 
longer than a week between, which continued to the is 
day of her death, which happened May 14, 1778, being pa 
then not quite twenty-three years of age. About a week an. 
before that time, ſhe was troubled with inceſſant vomit- N ver 
ings, which nothing would reheve; but was better a few War, 
hours before her death, and went off pretty eaſy. an 
7 I have 


rab HP; DAI Hb Ch.. 
I have good reafon to Fapp6ſe che coiplüif 


87 


örtginated 


from a diſeaſe of the left oVary, for after the firſt tapping 


have added greatly to my ſi 


after death ; but 1 had the Extreme mortificatior! of be; 


moſt earneſt ſolicitations; 


felt a ſubſtance of the fize of a clicket ball; and, as ths 
operations went on, this became more and FORTY 
feſt; increaſing ſo much as at laſt to occupy the whole 
ſpace of the abdonch forward, being of a berg irregitlat 
form, and I am clear of many pounds weight, for ſhe ap- 
peared, even after the water had been drawii off, as large 
28 a woman in the laſt moritſi of pregnancy. It wbuld 
üisfactiori to have been able 
to clear up this point in every particular, by opehitg het 


41 1 


ing 
W denied this neceſſary ciretthſtatice amn ny 


I muff, therefore, cofitent myfelf with giving this bare 
recital of facts as above, Which will ſerve to fetord to 


futurity, a caſe which I believe has not its equal in regard 
to the number of operations. What is remarkable here 
5, that this young lady had a good appetite for the moſt 
part, and was very chearful; and, except a day before 


and after each operation, uſed to viſit her friends at 


ſe- 


veral miles diſtance as ſhe would have done in health, 
and till within the laſt two or three months could walk 


a mile or two with tolerable eaſe. 
Vo I. LXIX. I 


As 


— 


"2 4 . 7 * ey * * 
* - * 
, 
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As to the quantity of water taken off, I find it to 
amount, upon the neareſt calculation, to twenty-four 
pints at each operation; for though the firſt time pro- 
duced only twelve pints, and in ſeveral of the latter ope- 
rations the quantity fell ſhort of twenty-four pints, yet! 
may venture to ſtate it at leaſt at twenty-four pints or 
three gallons on an average, as in many of the operations 
I took off from twenty-eight to thirty pints. The number 
of times I tapped her was in all 15 5, which brings out 
in the whole 3720 pints, being 465 gallons, not far 


ſhort of ſeven hogſheads and an half. As to the authen- f 
ticity of the whole, your connections with the family, iM , 
and frequent opportunities of ſeeing this young lady i , 
during her illneſs, will put it beyond a doubt. I have p 


therefore no more to add, than my wiſh that the caſe 
may prove acceptable to the Society. 


ſu 
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vnn. Problems concerning Interpolations. By Edward 

Waring, M. D. F. R. S. and of the Inftitute of Bononia, 
Lucaſian Profeſſor of Mathematics in the Univerſity of 
Cambridge. V 


Read Jan. 9, 
1779- 


R. BRIGGS Was the firſt perſon, I believe, 
that invented a method of differences 
for interpolating logarithms at ſmall intervals from each 
other: his principles were followed by REGINALD and 
MOVTON in France. Sir ISAAC NEWTON, from the ſame 
principles, diſcovered a general and elegant ſolution of 
the abovementioned problem: perhaps a ſtill more ele- 
gant one on ſome accounts has been ſince diſcovered by 
Meſſ. NICHOLE and STIRLING: In the following theorems 
the ſame problem is reſolved and rendered ſomewhat 
more general, without having any recourſe to finding the 
ſucceſſive differences. 7 


THEOREM I. 


Aſſume an equation 4+bx+cx*+da* . . . 4 1, 
in which the co-efficients a, 6, c, d, e, &c. are invariable; 
I 2 let 


60 


4 . 4 N * y 4 
N wo * . a 
- — 7 = ? or [4 * 
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let &, B, , J, e, &c, denote # values of the unknown 
quantity x, whoſe * values of y let be re- 


preſented, by s*, 8 Nis 8 Kc. Then will. the equas 
tion a+batcs d ext «oo * 8 S =A= 


PELL SIC OG G en 
— — X£x%X — &c. IV —_ a — 0 . 7 
* — . — 2 po ta? NYT EY ; x7 * wE — 'X 85 
xK - Nx NXT - AX -N &c. xXx—4Xx—SXax—yXx—t*X &c. ) 
— 22 — — — X 3) + === —=——— == —_—_————— x 
-N KN 8 * XC, x 8'+ Rc. 3 
aK EN e>px6—=dx & c. 11 f 


1011 8 914 MT A Ce 
DEMONSTRATION. 


2 &c. | e 


aer — 8 4 B—a N HY HAN x. . 


&c.; ; and all the terms but the firſt in the reſulting equa- tc 
tion, will vaniſh, for each of en contains in, its nume - 


rator a factor rag ao; an nd the equation. will be- 


— — — Xx — 1 &c. | 
come y== I =. In the ſame. 


 iEBXa—yxXa—dxa—sXx&c. ; 'B V: 
manner, by writing 6; V, d e, ccc. ſucceſfively for x in 
the given equation it may be proved, that when x is 
equal to 8, Y2 e, &c. then will y become reſpectively 
$3, 8, 8 8% which was to be demonſtrated. 

2. Aſſume y=ax” O +EXTTHEGXTI a =; Bo 
and when x becomes a, 2 Ys o & ccc. let y become re- to 
ſpectively 


x 89+ 


Dr. WARNING: o Interpoltions. 
ſpectively: 87 8* + . 6 St, &.; then will y = 


«„ „ ge- ANJA e &c. 
F A . 


er. Hh, | * &* 
a N g xa =» %@a — OX & — „ X &c. 


ber -e „r „ „ -er, „ &c. 2 
+ 12 s $ $ * * 
G XB*—a'X8'—y'x8'—&'x8'—r' x &c. 


15 mh "x wen "x 9 1 „ &c. 
42... Hon Ie Mn — = x $7+ &c. 
2 * - —B'xy'—#'xy— X &c. 
This may be demonſtrated in the ſame manner as 
the preceding theorem, by writing a, 6, J, 0, s, &c. ſuc- 


ceſſively for x. 


: * 


P ROB LE M. 


f Let there be ; values a, G, Y, e, &c. of the quantity x; 
to which the x: values 8, 85, 8, 8, s*, &c. of the quan- 
tity y correſpond; ſuppoſe theſe quantities to be found 
-by- any. function Xof the quantity x; let x, e, o, r, &c. 
be values of the quantities x, to which 87, Se, se, s", &c. 
values of the quantity y correſpond: for x ſubſtitute its 
abovementioned values x, e, c, 7, &c. in the function * 
and let the quantities reſulting be 57, 5, 5, 5“, &c. not 
equal to the preceding ss“, se, s“, 8“, &c. reſpectively; to 
find a quantity which added to the function X ſhall not 
only give the tro values of the quantity y correſponding 
to the values a, G, y, 0, e, &c. of the quantity », but alſo 
COT = - 


— — 
2 — — 


* — _— — —— — i — 
* * bg n 
4 _ 
8 = py aw » — 
— — — 8 ; . — ; 2 2 
— 2 3 - ay — a 2 . 4 — . —_— 
d. 4 oy — = — a =_ _ 
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correſponding to the values x, g, o, 7, &c, of the aboye. 
mentioned quantity Xx. | 
Aſſume * u, 5f—gt= Te, Be,; - , 
&c.; then the errors of the function X will be reſpec- 
tively T*, re, r, T", &c.; and the correcting quantity 
ſought may be 


X—%Xx—3Xx—%4XX—JXx—eX &c. & - EXC XA -x &c. 
3 ob | * 
T—axr—SxXu—yXT—&XT—iX KC. T—gXxx—&@XT—7X &. 


xX—2Xx—SXxXx—YXx—IXx—:X &c. X—TXX—@TXX—TX &c. 1 
— — ‚ — — Xo EP Tcq — x 
etzXe—Bxe—yXe—IxXg—ix Kc, g—TXg—IXg-TX &c 


* 


— — ——— — — — — — — F 
aN TN TN x &c. X—TXX—EgXX—=TX &c. 


G—axaI—BXoa=yXo—-IXe—t XK &c T—=TX@—egXG—xX &c. 


Rx 


x—axx—B8Xx—yXx—-IXx=—e x &c. X—TXX—geXX—gX &c. * 
— ny mr I NO —— x 


T—aXT—SXT—=yYXT—-IXi—8X&c, T—TX — XT—-@ Xx AMC. 


+ Kc. 
Alter. 
Let x & x 1 - BHR CNN NN X—£X Kc. xXx X—T 


—C — u—_—_m” RMP Cc ww_—___—__ —ͤ — 


x &C. x xn H Kc. II; g- HN p—y x 8—0x 


p—£x Kc. X p—T X e & &c.=P; -x - BNN 
0—0x0—£ x &c. X@—T x T—Ex0—Tx'8&c. =Z3 Tax T- 


T—V x rx T—£ x Kc. x T—T x r- T &c. T, &c.; then 


| = 8 
may the correcting quantity ſought be N er 


* x 
+ 
E XTX TXx—7T 


+ &C.). 


This 


. _ * 
W of P A y "7 5 C * F 8 OY l * g F * 7 e * 
* * 7 * — * q | , - h 
* 4 9 n | 5 . * 
7 % . 2 = wy 
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This problem may be demonſtrated in the ſame man- 
ner as the preceding theorems, by writing for x in the 
correcting quantity ſucceſſively its values x, 2, c, 7, &c. 
2. For the — quantity ſought may be aſſumed 


the q tity = '—a'xx—B'xXx—y XX & &c. & * x x*— of Xx — 


r - X HN N K Kc. K K wo 


1 5 
x*— 7 x &c. 4 „ NA NK „ Kc. && 
2 x T* + 8 


=* &c. e- Xe —Bxe—yxXe —®'x Sexe xe— * 


K* — ** 7 * &c. 


K % = & Ke. 

3. In general, let 2 be any quantity which is S o, 
when x becomes either a, G, , d, e, &c.: let z become 
ſucceſſively A, B, c, D, &c. when becomes x, e, o, 7, 
&c. reſpectively. When x either = g, , 7, 8c. let II o; 
but if x=7, let II: in the ſame manner when x either 
=, 0, T, &c. let Po; but when x= let P=r: and ſimi- 
larly, let Z o when x is either x, e, 7, &c.; but when 
* let L. and likewiſe, when is either x, e, o, &c. 
let To; but when x=7 let T: &c. then for the cor- 


x T*+ &c. 


— quantity ſought may be aſſumed — x : x T7 


2 . | 
2 r x 7 —x —Xx'T + Kc. 


T H E- 
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En 


Aſſume (7) quantities a, 2 75 0, e, &c. then will the 
ſum of all the (2) quantities of the following kind 
«ͤ 7 


83 —_ —— 


+ —————= = =—u === 
a ENA Ne- x- N &, G- x &—y NH- Xf—: & &c. 


m * 


—— — — Y — — — — —— — 


y —24 Xy—3 NYM Nc. — NSN IN. X &Cc. 
” | 
1 + &c. = 0, if n be any whole 


-K Ni- X:—y X:—dx &C, 
number leſs than 72 — 1; but if 2=#—1, then will the 


above mentioned ſum=1. In general, the ſum of the 


n terms * e. ＋ 57 CC. + 8% + ydI+ &c. + &C.) + 


a—Xa—yXa—IXa—sX &c. 


8 Nee. + 2 y:&c, + a J. &c. e. ＋&c) * 
DN MK x &c. 


E " (af3&c. ll + af Ke. + a3 &c. + B. &c. + <e. 
re &c. 


* (ag &c. + af XC. + a &. + &.) , 


r 


-a X&—8 Xd—y x d—: x &c. 


" (a8 &c. + a8IS&C. + &yF&c, + 22. Cee. + &e:. 2, +8&C.= 
=—a Xr—Þ Xe—y X1—TIX xc. — 


if n be leſs than x, and mr not equal to 2-1, where 


) + 


is equal to the number of letters contained in each of the 
contents above mentioned 87, &c. Byt, &c. bd, &c. 
7e, &c. &c. &c. reſpectively : but if +7 = u- 1, then 
will the above mentioned ſum = = x; it will be + x it / 
be an even number, otherwiſe — x. 

+ DEM ON 


fr 
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DEMONSTRATION, 


Suppole a+b4a+ca*+da*+eat+ &c.=s*, 
a+bB+c&+dF&+e6*+ Nc. = 86, 
a+by+cy +dy Nc. = sb, 

a + b$+c9+d8 +e9*+8&c. = 8}, 
a+be+cef+de +ee*t+ &c, = s\, multiply 
theſe equations into A, B, c, D, E, &c. unknown co: effi- 
cients to be inveſtigated, and there reſult 
AxXS*=A@+Aba+ACx +Adg Aa Kc. 
BxS$*=BaA+BOB+BCE +BdG+B e6*+&c. 
CxS!=Ca+Chy+CCy +CAdy*+Cdy +8. 
DSE DA DDT Ded TDC +Dd04+ &c. 
E Xx S EAT EBET ECE + Ede +E esl & c. &c. &c. 
Now ſuppoſe as*+B$8*+ 97+ DSA ES &c. =a+bx+cx* 
+dx*+ex*+&c. and the correſpondent parts reſpectively - 
equal to each other; that is, a (A+B+Cc+D+E+&cC.)=4; - 
b(aa+B6+Ccy+DOI+EE+&cC.)=bx; Ag*+BE+Cy +D9* 
EE + 8&C, ; A TBH +4 +DI+EE+ &C. ; 
Ag*+B6*+Cy*+D9*+E£*+ 8c. , &c.: But it follows 
from Theorem 1. that (if As BSA c8? + DS8*+E8'+8&c. - 


— „ 
=0+ÞX+C0x*+dX* +6x*+ $C.) A = LEEDS 
| a BN Y N- X A= XK &c. 


> i 
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T1 X WA 1 Wo 


Aſſume (7) quantities a, 6, , d, e, &c. then will the 
ſum of all the () quantities of the following kind 
a + — 

EN = Nen Tc. Sax þ—y H= &c. 


* 20 


— — 


—— % = -e X &c. 


9ꝙ9ꝙ .. — 


— — Bd ac &c. 


+ —— + &c. = 0, if n be any Whole 


— 4 X —8 XN: -x &c. a 
number lets than 2 1; but if . = —1, then will the 


above mentioned ſum 1. In general, the ſum of the 


„ terms 2 S2. &c. +8: Y. &c. + &c. 2 + 
a—J X @—y X a—IXa—8X &c. 


8 (ay F&c. +&y:&c, a, &c. . ＋&c) + 
Nx &c. g 
7 (nc. + 22. &e. La &c. + 89. &c. ＋ Ke. 
8 pron Pars X NY. &c. 


3" (a8 &c. + af XC. Kc. +&.,) , 
3—a XI—f8 XI—y x d—: x &c. f 


* (487 &c. w «83 &c. + . #y36cc, * 82 Kc. + &c.) 
. Xt—y X86—IX &c. 


if en be leſs than , and 92+7 not equal to 2-1, where? 


) + 


Kc. 


is equal to the number of letters contained in each of the 
contents above mentioned 87d, &c. bye, &c. Ge, Kc. | 
7 e, &c. &c. &c. reſpectively : but if 92+r7 e n- 1, then | 
will the above mentioned ſum = = x ; it will be + x it / 
be an even number, otherwiſe — x. | 
4 DEMON 
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DEMONSTRATION. 


Suppoſe a+bax+ca*'+da*+ext+ W Nc. s“, 
a+bp+c& +dp* +ef*+ &c. = 8, 

a+by+cy +dy +e4*+ &c. = 8?, 

a + b$+c0*+d9 +e0*+8&c. = 8, 
a+be+ce+de +ee* + &c, s, multiply 
theſe equations into A, B, c, D, E, &c. unknown co- effi- 
cients to be inveſtigated, and there reſult x 


AX SL AAT AGA TAC Ada AE &c. 

BX S2 BAL BO TLB CGT B GAK c. 
Cx.$!=CAa+Chy+CCy +CAdy*+Cdy +8. 
Dx8*=Da+DbI +Dc0*+Dd0* +DdJ*+8cc. 
ExS=EA+Ebe+ECE T Ed T Eee & c. &c. &c. 

S Now ſuppoſe as* + Bs* + c8/ DSA EST &c. =a+bx+cx* 
| +dx*+ex*+8&c. and the correſpondent parts reſpectively - 
| equal to each other; that is, a (A+B+C+D+E+ &c.) a; 
D (140+B6+Ccy+DI+EE+8&c.)=bx; AA HN NY 
| +EEg + &C., =x*; Ag*+B&' + cy* ＋ DO TEE &c. ; 
Ag*+B6*+Cy*+D04+E8*+ Nc. , &c.: But it follows 
from Theorem 1. that (if as*+ Bs*+ cs? + DSA ES & c. 


33 TE „ Nie =: X&C. 
| =0+0X+0x*+dx*+ex*+ Nc.) a = EL — — , 
. a BNL Y N- XA xXx &c. 


Vo L. LXIX. K Bo” 


_— 
* 


—— 1 _ 
= — AC 2 _ 


— 


— — 
4 _ 2 —— . * - — 
_ I a — 
„ 0 bs — 
A i - — - —— = — 2 —— — — 5 - wn 4 y 1 — 
— — — - — 2 — == —— — 4 2 = _—— : pap of 
— — * — — 4 — * 2 — — = _—_ _ — - — = 
— a G_ oY — n , 4 
I ae — — . — —— l DE — —— = 
— 5 = 
-&- - 2 N 2 
— T1 — 3 
* * — — — * _ \ 


— — 
— — 5 
—ů——— T 

1 — 
—— 


I — 
5 4 * + —— —-> - 

— — —— — — - 
= - — — 
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SF TN Ace | 2 NN &e 
— p—ax8—yxB—3x8—:X &c. 85 WN TN IN &c. , 
TK NCT &c. | x = EI 
= —F=ax3- ÞxdF—yxI—ix&c.? E—axie—fSxi—yXe—IX&c! 


&c.: ſubſtitute theſe values for a, B, c, D, E, &c. reſpec- 
tively in the preceding equations (A+8B+ C+D+E+8&C.= I, 
Aa BG DEE Kc. x, Aa'+BE&'+Cy +D0" + 
EG 1 Kc. & A BHD ES ＋ oC, , Nc. 


6ꝛàñ„ A —— —— — p 


X — BxXx—yXx—IXx—#X Cc, 


uations (1 — 
and there reſult the eq (1) = =———_ 


X—&aXX—7%Xx—TXxX—teX&C, x—aXx— x—8Xx—dxx—axXc. 


ee. 72 K —b x y—Ixy—1X&e,. 


— — — — — — — — — — — U 
— 


SN -Nν N- -& &c. 6 X—@Xx=—7Xx—IXx=—1 Xx Ac, 


— —-ꝝ„-— — — — —— —— 3 
(2) a * a — 8X a— yYX a—IXa—s x &c. ax Ni Ne 


Ta TND x&c. 
1 —aXy—BXy DN =, &c. 
TN O = OY c. +(6* — Tn Ks 
(3) 4 ä B—aXB—yXB8—IxX8—:x&c, 
E=aXx=EXx—IXx—«X&c. 
Ee rn —— 
y—-aXy—BXy—-IXY—*X 
x — NN N Ne. 
a—PXa—yXa—IXa—iX&c. 


+ &C.=1; 


+ Kc. = x; 


17 Xx 


=*; and in general, 


28 X x X=. x xe. 
KHK =. &. 


X—aXxz—#Xx—Ixx—iX&c. +=, <= Ta Yi Xx—»7X x & 


+Y/"x yo ots—6 Snake. © Tax BxXI—vXI—:iX&, 
+ &Cc.=Xx", whatever may be the values of the quantities 
x; a, E, , 0, e, &c.: reduce all theſe fractions into terms, 
proceeding according to the dimenſions of the quantity 


x, and it is evident, that the ſum of all the fractions mul- 
tiplied 
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tiplied into any dimenſion of x not equal to n will be 
= 0; but the ſum of all the fractions multiplied into x” 
will be = I : from this propoſition the theorem is eaſily 
deduced. 

I have invented and demonſtrated from different prin- 
ciples to the preceding the firſt part of this theorem, a 
particular caſe of which was publiſhed by me many years 
ago. | 

From this theorem may eaſily be deduced ſeveral 
others of a ſimilar nature. 


"VIII. Di/quifitio de termpore Periodico Comete anno 1770 
 obſervati. Autore J. A. Lexell, Academic Scientiarum 
Petrop. Socio. Communicated by Nevil Maſkelyne, WW \ 
D. D. F. R. S. and A/lronomer Royal. bs 


Read * 21, EMPORIBUS periodicis cometarum in- i 
177 0 


veſtigandis, quum aſtronomi nondum 
ſuas impenderint curas, quod hwc aſtra intervallo tempo- WM 1 
ris, quo incolis terræ conſpicua eſſe ſolent, exiguas valde 
portiones ſuarum orbitarum conficiant, ita ut exinde vis 
quicquam certi, de excentricitatibus iftarum orbitarum 
concludi queat; inexſpectatum omnino aſtronomis con- i 
tigit, quod tempus periodicum cometæ anno 1770 con- 
ſpicui ex obſervationibus concludere poſſe mihi viſus ſim, IM | 
mirum autem et vix ulla fide dignum videri debuit, quod 
Hoc tempus periodicum adeo exiguum a me inventum 
eſt, ut vix quinque annos cum dimidio ſuperaret, ita ut 
hic cometa ſuas periodos circa ſolem minori adhuc tem- 
pore, quam Jupiter et Saturnus abſolvere deberet. Pro- « 
poſitum quidem mihi nunc non eſt, omnium calculorum, i t 
quibus ad hanc concluſionem perductus ſum, adumbratio- 


nem hic tradere, quippe quod prolixum valde et pro inſti-W r 
tuto 


De tempore Periodico Comelæ, &c. 69 
tuto minus neceflarium foret; ſufficit ut argumentum pro- 
ponam pro iſta hy potheſi temporis periodici ſtabilienda, 
meo quidem judicio ita ſtringens, ut demonſtrationi geo- 
metricæ æquiparari queat. Hujus autem argumenti 
vis, in eo conſiſtit, ut elementis adhibitis, quæ tempori 
periodico quinque annorum et ſeptem menſium, con- 
formia ſunt, obſervationibus hujus cometæ optime ſatiſ- 


fieri demonſtretur, contra vero ſi tempus periodicum co- | 
met majus ſupponatur, inſignes et vix quidem proba- 
biles errores obſervationibus induci. Sunt igitur ele- 
menta, pro motu comet a me ſtabilita, ſequentia: 

1. Longitudo nodi aſcendentis 45 12 00. 


2. Inclinatio orbitæ ad eclipticam 17 33“ 40”. 

3. Elongatio nodi deſcendentis a perihelio 44 17“ 4”, 
ideoque longitudo perihelii 115 26* I0' 26”. 

4. Tempus tranſitus per perihelium anno 1770 die 
13 Aug. 13 5/ circiter, five 13,5450 Aug. | 

5. Cometæ diſtantia perihelii 0,674381 5, cujus log. 
958289057. 

6. Semiaxis orbitæ a cometa deſcriptæ = 3,147 8605, 
cujus log. = o, 4980155. Hinc log. ſemiparametri = 
0,0807 200, et log. excentric. 9, 8952927, ideoque 
tempus periodicum 5,585 annorum. 


His elementis adhibitis, ſequentes comparationes loco- 


rum cometæ ex theoria deductorum, cum obſervatis, 
habebuntur. 


Jun. 
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FF r 
6 « A") ot] Pe ICT |< caleulo. | 
— — — — 4 
| TFT „% ͤ TE | 
Jun. 14/11 29 480 2 47 449 2 48 1j+0 17] 6 40 24836 40 548 0 
1 1 23 2219 2 51 499 2 51 54+o 5 6 57 15 6 57 51 [4 
1711 11 339 2 59 589 3 © 52+0 5447 38 51 | 7 38 37 |- 
| 20/10 40 48/9 3 16 ak 317 2]+0 500 9 5 38 [ 5 29 (- 
2119.27 459 32 70 3 24 26j+1 99 44 36 9 45 27 0 
2212 9 3blg 3 33 439 3 34 9|+0 2610 39 5 [10 39 54 [+ 
| 24112 3 189 3 59 589 3 59 * _— 59 55 12 59 $2 |-0 
| 25/13 27 $59 4 21 429 4 21 21/0 2114 53 56 |14 54 37 |# 
| 273 13 27/9 5 34 $49 $ 36 (ri 1221 ©.47 jar 8 38 [4 
| 28110 46 349 © 45 589 6 43 582 ol26 29 33 26 30 39 [+ 
| 29% 1 59 00 9 42 459 9 42 30 —O 1537 57 32 38 O 37 +; 
Aug. 2/15 3 55 6 2 323 6 2 4/0 280 50 740 49 59a |-t 
| 3/14 45 93 6 25 153 6 24 3 —0 43 o 53 36 0 52 46 |- 
| 4114 12 48/3 6 47 243 6 47 46j+0 18] 0 55 44 o 56 4 |# 
| t 38 433 7 13 533 7 13 30 48] © 59 17 o 58 50 — 
[ 6114 29 42/3 7 39 2583 7 38 45j-0 400 1 118 | 1 1 16 |-« 
1114 49 95 8 6 403 8 5 59-0411 3 35 |1 3 34 | 
| 46.128 © 33 29 Tag ene Gab ju 525 i 
9114 48 10% 9229 40|—1 50 1 933 [1 7 29 i 
| 20114 14 273 9 32 3603 9 31 44 —0 52 1 9 13 l 9 9 |! 
11014 23 2303 10 3 23 10 2 37 — 0 25] 1 10 51 I 10 40 |-! 
| 12/14 46 25/3 10 34 48 1 12 52 1 12 4 0 
| 14114 37 2913 11 40 25 | | 3 16 26. 1 14 $6 3 
1 1515 43 33/3 12 14 56 12 15 37// To 41] 1 16 43 1 15 26 |- 
10114 24 323 13 59 2413 13 59 37|+0 13] 1 18 35 | 1 17 39 |- 
19114 33 1803 14 36 313 14 36 16|+0 13 1 19 18 | 1 18 37 |” 
| __ 26115 39 3813 19 3 443 19 3 L 15} 1 20 45 | 120 5 |” 
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Temp. Long. com. | Long. ex Diff. Latit. com. Latit. ex Diff. 


= | obiery, calculo. © | obſervat, | calculo, 
TLC 1 
14 44 83 20 19 4203 20 20 27/0 45| 1 20 554 1 20 SAj-O 50 'Y 
15 22 5313 22. © 36 21 0 310 C0 28 120. 5s | 120 3 |-0 2 

20/14 48 22]3 21 39 1213 21 38 44|—0 28] 1 20 56 | 1 19 58 [|—-o 58 

3114 38 2503 22 17 103 22 17 40. 70 33 1 20 23 1 19 50 0 33 

45 5 2013 24 52 41/3 24 53 4601 f 1 19 23 | 119 2 0 21 

514 48 3713 25 31 713 25 31 440 37] 1 19 45 | 1 18 47 0 58 

915 57 43 27 26 32 27 27 40 g 118 23 127 51 |—o 32 

arg 6 300 28 3 19/3 28 3 52|+0 33] 1 18 22 | 1 1 33 0 40 

0 1 26 3313 28 40 2603 28 43 150 2 49 1 1 17 12 = 52 

1414 16 26/4 1 4 360 1 5 38010 59} 1 16 18 | 1 15 46 |—-0 32 

1's 53 4% 2.52 4% 2 33 13,0 33 114 52 (114 35 [-0 17 

18115 30 164 3 26 57 327 n 58 1 1412 j—0 46 

195 19 44 4 0 324 4 5 113 2 | 13 48 |+0 46 

2015 33 454 4 34 17/4 4 34 27]+0 10 1 12 35 | 1 13 35 [+1 

29115 23 5114 9 14 544 9 15 53070 59] 1 10 16 | 1 9 42 0 3 

15 23 224 10 12 64 10 13 31 +1 25] 3 6:00-1:36 E 57 
16 33 2804 10 13 54% 10 14 55 T1 Y 20 4 #2 8 53 ine 11 
J $i 0-45 ts 2 10 4 [2 8 29 |-1 35 

16 38 folg 10 41 524 10 43 CIT 13 1 10 10 lr 8 29 [|—1 41 


Conſenſus itaque theorize cum obſervationibus jam 
quidem tantus eſt, ut vix majorem deſiderare liceat, nam 
ro longitudinibus aberratio nunquam duo minuta prima 
upergreditur, niſi pro obſervatione die 10 Septembris 
aſtituta, que tamen obſervatio, uti ex comparatione cum 
eliquis patefiet, non poteſt non aliquantum eſſe dubia. 


Pro- 
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Pro latitudinibus quoque, errores etiamſi plerumque ne- 
gativum ſortiantur valorem, majores tamen non ſunt, 
quam ut veriſimiles videri debeant; nam differentia pro 
obſervatione diei 29 Junii, quæ eſt 3 minutorum, ope 
parallaxeos cometæ, quæ tum temporis inſignis erat, fa- 
cilem admittit explicationem. Cæterum facile tamen 
intelligitur, elementa obſervationibus ſatisfacientia cum 
aliqua latitudine aſſumi poſſe. Sic fi tempus periodicura 
ſtatuatur 5, 6 annorum, log. ſemiparam. orbitz = 
0,0808000, log. diſt. perih. 9,8288794, tempus pe- 
riheli = 13,5400 Aug. long. & = 4* 12? 9, inclinatio 
orbitæ 1? 33/ 40”, elongatio a & = 44* 7 59”, erunt loca 


cometæ ex calculo. 


_ > H 9 , #1 


Pro 15 Jun. long. 9 2 52 12 lat. 6 58 37 Bor. 


29 9 9 42 59 38 0 54 
2 Aug. 3 38 49 35 A. 
29 2. $27 0 3 1 
1 Octob. 4 10 13 20 TW 


Que loca æque bene, vel aliquanto melius cum obſerva- 
tione conſentiunt, ac quz ſupra attulimus. Nunc igitur 
diſpiciamus an tempus periodicum inſignius auctum, ele- 
mentis inveniendis inſerviat quæ cum obſervationibus 
componi queant. Supponamus igitur primum omnes 


obſervationes ad uaam eandemque orbitam cometæ per- 
ö tinere, 
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tinere, ſeu quod idem eſt, cometam in approximatione 
ſua ad tellurem, ab actione telluris affectum non fuiſſe; 
deinde enim viſuri erimus, quid ſtatuendum fit, fi ſup- 
ponatur actionem telluris in motum cometæ aliquem ha- 
buifſe influxum. Jam igitur aſſumpto certo tempore 
periodico, uti primum 6 annorum, et adhibito certo va- 
lore pro ſemiparametro orbitz, in reliqua ejus elementa 
inquiſivi quz ita eſſent comparata, ut obſervationibus 
diebus I 5 et 29 Juni inſtitutis, ſatisfacerent; patet enim 
quod fi bina cometz elementa, uti tempus periodicum et 
parameter orbitz, pro cognitis habeantur, omnia quæ ad 
motum cometz ſtabiliendum deſiderantur, ope duarum 
obſervationum inveſtigari poſſe. 

Poſitis itaque nunc, tempore periodico 6 annorum, et 
log. ſemipar. = 0,0817000, reliqua elementa erunt; log. 
diſt. perih. = 9.827 3218, temp. perih. = 13,2850 Au- 
guſti, long. K = 4* 12* 6, inclinatio orbitæ = 1* 34 30”, 
elong. perih. av = 44* / 56”. Hincque loca comet 
ex calculo. 


8 2 Ul " 9 4 . 


Pro 15 Jun. long. 9g 2 51 52 lat. 6 58 6 Bor. 


29 9 9 43 © 38 © 27 
2 Aug. . 38 50 15 
29 I-81 £408 3-0-0 
I Oct. 4 10 I1 54 x. © 10 
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74 Die tempore Periodico Cometæ 
Suppoſito iterum tempore periodico 6 annorum et log, 
ſemipar. = o, 818 500 erit tempus perihelii 1 3, 2900 
Aug. long. K = 45 12" 280, inclinatio orbitz = 15 34 2”, 
elong. perihel. a v = 43 37 20, tumque erunt: 


Comet. longit. Latitud. 
Pro 15 Jun. 9 2 51 25 6 58 6 Bor. 
29 9 9 42 42 38 0 24 
2 Aug. 3 6 2 47 | o 49 3 Auft, 
29 3 21 4 56 I I9 36 
1 Oct. 4 10 10 59 e 


Pro hac igitur poſteriori hypotheſi, obſervationibus 


dierum 2 et 29 Aug. reſpectu longitudinis quidem me- 


lius ſatisfit, quam per priorem hypotheſin, ac obſervatio 
die x Octobr. reſpectu longitudinis jam magis evadit er- 
ronea, tumque etiam reſpectu latitudinis errores ali- 


quantum augentur; concludi autem hinc quoque poteſt, 


quæcunque etiam ſuppoſitio fiat pro ſemiparametro or- 
bitæ ſi tempus periodicum ſtatuatur 6 annorum, et ob- 
ſervationibus diebus 15 et 29 Juni ſatisfaciendum fit, 
obſervationes occurrere, quæ erroribus faltem duorum 
minutorum, tam negativis quam poſitivis afficientur. 
Quod ſi jam ſupponatur tempus periodicum 7 annorum 
et log. ſemiparam. = 0,08 37000, erit tempus periheli 


12,7950 Auguit, long. & 4 12* 49, inclinatio orbitæ 
2 | —Þ % 
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= 135 300, elongatio * a K = 43* 26010“, tum- 


que habebuntur: 

Com. longit. Latitudo, 
pro 15 Jun. 9 2 52 7T 6 58 16 Bor. 
.--& $498 $6 38 o 28 
2 Aug. 3 6 6 19 38 49 3 Auſt. 
29 s 21 16-18 1 19 31 

1 OG. 4 10 9 22 x 9 17 


Deinde adhibito iterum tempore periodico 7 annorum 
et log. ſemipar. = 0,0840000, erit tempus perihelii = 
12,80 50 Aug. long. & = 4* 13 58, inclinatio orbitz = 
1* 33/ 50”, et long. perih. a 0 = 42* 4 41”, hincque 
ſequuntur. 


0 0 7 ” 3 6 / " 


Pro 15 Jun. long. 9 51 54 lat. 6 58 30 B. 


29 9 42 38 38 © 30 
2 Aug. 3 5 59 38 45 25 A. 
29 3 21 13 54 1 17 57 
1 Oct. 1 1 


Poſteriori adhibita hypotheſi, errores obſervationum 
die 2 et 29 Aug. inſtitutarum, quoad longitudinem ali- 
quantum minuuntur, in latitudinem autem tanto majores, 
redundant, tumque obſervatio die x Oct. inſtituta ſecun- 
dum poſteriorem hy potheſin multo magis redditur er- 
ronea. Certum igitur eſt cum tempore periodico ſeptem 

L 2 annorum 
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nulla ratione impleri poſſe; quin potius adeo enormes er- 
rores in nonnullas earum redundare, ut vix ullam invenire 
queant fidem. Reſtat autem nunc, ut examinemus, an 
ne ſaltem omnibus obſervationibus a die 2 Auguſti uſque 
ad 2 Octobris inſtitutis, ſatisfieri queat; adhibito tempore 
periodico aliquantum majori. Et tum quidem evidens 
eſt, quia arcus cometæ circa ſolem deſcriptus a 2 Auguſti 


uſque ad 2 Octobris, multo minor eſt illo, quem a 15 


Jun. ad 2 Octobris percurrit, tempus periodicum quo ob- 
ſervationibus ſecundæ apparitionis ſatisfaciendum fit, 
jam cum major! latitudine aſſumi poſſe, quam fi omni- 
bus in univerſum obſervationibus ſatis faciendum eſſet. 
Hinc 1gitur ſi tempus periodicum ſtatuetur 6 annorum, 
ejuſmodi quidem elementa facile inveniri poſſunt, ut 
obſervationes a 2 Aug. ad 2 Octobris factæ, ſaltem abſque 
gravioribus erroribus, impleantur. Diſpiciamus itaque 
quid evenire debeat, fi tempus periodicum ftatuatur 7 
annorum. Generatim igitur quum compertum mihi fue- 
rit, latitudinibus cometæ facile ſatisfieri, modo longitu- 
dinibus fuerit ſatis factum, operam dedi, ut tribus comets 
longitudinibus obſervatis ſatis facerem; tumque exami- 
navi qualis error in quartam aliquam obſervationem re- 
dundaret. Quatuor autem obſervationes, quarum ubique 
uſum feci ſunt illa, quæ diebus 2, 12, 29 Aug. et 1 04. 

I __ inftitut# 
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inſtitute habentur. Primum igitur elementa inveſtigavi, 
quibus obſervationes dierum 2, 29 Auguft. et 1 Octobris 
implentur, quæ ſequentia mihi ſe obtulerunt. 

Log. ſemipar.=0,092 5000, tempus perih. =1 5,6280 
Auguſt, elong. perih. a v = 46* 14 G, poſita longitudine 
g = 44 12* , loca autem cometæ ex theoria deducta, 
nunc ita ſe habebunt : 


Longitudo comet. 


Pro 2 Aug. 3 6 2 27 

I 2 3 10 41 45 

29 3 21 © 30: 

I Oct. 4 10 12 29 
Ubi in obſervatione die 12 Auguſti facta reperitur er- 
ror 7 minutorum primorum. Deinde aliis calculis com- 
peri, quod ſi ſub hy potheſi tem poris periodici 7 annorum 
obſervationes dierum 2 Aug. et 1 Octobris impleantur, 
quicunque demum error in obſervatione die 29 Au- 
guſti admittatur, errorem obſervationis die 12 Auguſti 
factæ, nunquam infra 7 minuta prima deprimi poſſe; 


unde tanto magis concludere licet, aucto tempore perio- 
dico, obſervationes dierum 2, 12 Aug. et 1 Octob. multo 
minus inter ſe componi poſſe. Ulterius pergendo, operam. 
dedi ut obſervationes diebus 12 et 29 Aug. atque 1 Oct. 
MW factas implerem, quod ſequentibus elementis obtinui. 


| Log. 


| 
| 


— 
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Log. ſemi-par. = 0,091 5000, temp. perih. 4 5, 1340 
Aug. elong. perih. a 8 = 45* 59/ 24”, poſita longitudine 
nodi ut ſupra, tum enim erant: 


Longitud. comet. 
Pro 2 Aug. 3 5 49 1 
I'2 3 10 34 41 
29 43. 32 ©. 30 


x Oct. 4 10 12 6 
Ubi obſervatio die 2 Auguſt facta, 1 3 minutis primis 


redditur erronea, qui etiam minimus fere error eſt, quem 


hæc obſervatio admittit, dum obſervationes dierum 12 
Aug. et 1 Octob. ſub hypotheſi temporis periodici ſep- 
tem annorum implendæ ſunt. Deinde ſi idem adhi- 
beatur tempus periodicum, et obſervationibus dierum 2, 
12, et 29 Aug. ſatisfactum fit, quod fiet ponenda log, 
ſemipar. = 0,08 37 600, tempus perih. = 12,1500 Au- 
guſt, elongat. a Þ = 43* 160 33”, longit. nodi ut ſupra, 
in obſervatione die 1 Octobris inſtituta, reperietur. error 
35 min. prim. Omnes autem hæ diſquiſitiones eo ten- 
dunt, ut perficiatur, obſervationes a 2 Aug. uſque ad 2 
Octob. inſtitutas, ſub hypotheſi temporis periodici 7 
annorum nunquam perfecte impleri poſſe, ſed inter illas 
ſaltem nonnullas occurrere, que erroribus 7 minut. pri- 


morum obnoxiæ ſunt, quod quidem vix ulla veriſimili- 
| tudine 


* : WW ach * * 
— o * 
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tudine gaudet. Quamvis hinc facile concludi poſſit, 
aucta quantitate temporis periodici, errores obſervatio- 
num augeri, ipſemet tamen calculo inſtituto ea de re cer- 
tior fieri volui. Poſito itaque tempore periodico 8 annor. 
log. ſemipar. o, Ioooooo, tempore perih. = 17,2300, 
elong. perih. a v = 47 32/ 4”, long. & ut ſupra adhibita 
ſequentes inveni longitudines comet. 


3 0 1 i" 


Pro 2 Aug. 3 6 2 44 


12 3 10 47 42 
1 5 3 12 26 33 
29 $ 231 © 8&7 


| 1.0 4 10 12 0 

Ubi jam in obſervatione die 12 Aug. inſtituto, occur- 
rit error x 3 minutorum primorum. Tum vero me non 
monente intelligitur, quod ſuppoſiti tempore periodico 2 
ſeptem annorum, quæcunque demum elementa adhibe- 
antur inter illa, quæ obſervationibus ſecundæ apparitionis 
ſatisfacere debent, inde enormes omnino errores pro ob- 
ſervationibus prime apparitionis emergere. Operæ qui- 
dem pretium non eſſe judicavi, ut inquirerem, an valor 
temporis periodici allatus ſenſibilem admittat diminu- 
tionem, quia hoc unicuique minus probabile videbitur; 
ex ĩis autem, qua jam attuli, facile colligitur, fi omnibus 


in univerſum obſervationibus ſatis faciendum fit, tempus 
periodicum 
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maxima probabilitate ſe commendat, hac occaſione ſuffi- 
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periodicum allatum vix dimidia parte anni infra illum 
valorem, quem ſuppoſui, deprimi poſſe; fin autem ob- 
ſervationibus ſecundæ apparitionis ſolummodo fatiſ. 
faciendum fit, omnes quidem valores temporis periodici 
intra limites 5 et 6 annorum contenti, abſque metu ſen- 
ſibiliserroris in obſervationes redundantis admitti poſſent. 
Exiſtimaverim tamen hos limites nullo modo ultra qua- 
tuor annos cum dimidio et 6 annos cum dimidio proro- 
gari poſſe, quin potius maxime mihi eſt vero ſimile, va- 
lorem temporis periodici, arctioribus iſtis limitibus 5, 
vel 6 annorum circumſcribi. 

Quo autem certius eſt argumentum; quod pro ſtabi- 
liendo tempore periodico cometæ anno 1770 obſervati, 
jam propoſui, eo ſane magis unicuique mirum videri de- 
bet, quod hunc eundem cometam non nifi unica vice ob- 
ſervare licuerit. Nam ſi hic cometa ſingulis quinque 
annis et ſeptem menſibus ad ſuum rediret perihelium, 
utique fieri debuiſſe videtur, ut ſaltem hoc ſeculo, 
poſtquam ſtudium cœlorum majori aſſi duitatę coll 
cœptum eſt, ſæpius ſe conſpiciendum præbuiſſet. Cum 
variæ quidem conjecturæ proponi poſſent pro explicando 
eventu adeo ſingulari, tum inter illas earn adferre, quz 


ciet. Quum diſtantia aphelia cometæ a ſole, diſtantiam 
Jovis ab hoc aſtro fere exæquet, ſtatim ſuſpicio quædam 
ſuboritul, 
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fuboritur, an non fieri potuit, ut per actionem Jovis, mo- 
tus comet olim fuerit perturbatus, ita ut cometa hic 
antehac orbitam, 4 preſenti multo diverfam, deſcripſerit. 
Calculob autem inſtituto reperitur, cometam fuifle in 
conjunctione cum Jove, Anno 1767, die 27 Maii, eo- 
rumque diſtantiam tum temporis fuifſe 5 ꝗ vam partem 
diſtantiæ cometz a ſole, unde habito reſpectu maſſarum 
Solis et Jovis, colligitur actionem Jovis in cometam 
fuiſſe triplo majorem actione Solis, ideoque ſenſibilem 
omnino effectum ad motum cometæ perturbandum pro- 
ducere valuiſſe; eo potius quod in aphelio cometa motu 
admodum lento feratur, adeoque ſatis diu actioni Jovis 
fuerit expoſitus. Ulterius per elementa ſupra a nobis 
ſtabilita colligitur, proxime futuram conjunctionem Jo- 


vis cum cometa contingere debere anno proxime ſe- 
quenti die 23 Auguſti, exiſtente tunc diſtantia cometæ 
aJove non niſi 491m parte diſtantiæ cometæ a Sole, ideo- 
que actionem Jovis in cometam actione Solis 2 24 vicibus 
majorem eſſe, unde totalis mutatio motus cometæ not 
poterit non oriri. Cæterum hæ concluſiones pro exacte 
veris haberi non poterunt, niſi quatenus elementa pro 
motu cometæ allata, fuerint exactiſſime ſtabilita; quippe 
quum leviſſima mutatio horum elementorum, imprimiſ- 
que temporis periodici, diſtantiam cometæ apheliam ſen- 
ſibili mutatione afficiat, et per facilem calculum exploravi 
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82 De tempore Periodica Cumetæ 


quod $i tempus periodicum cometæ aliquantulum dimi- 


nuatur, eo effici ut actio Jovis in priori conjunctione au- 


geatur, contra vero in poſteriori conjunctione diminua - 
tur. Hoc igitur ratiocinio id præ-primis mihi fuit propo- 
ſitum, ut oſtenderem, fieri utique potuiſſe, quod hic co- 
meta ob actionem Jovis coactus fuerit ejuſmodi orbitam 
deſcribere, que ex obſervationibus anno 1770 factis col- 
ligitur, licet antea motum ſuum perfecerit in orbita, cu- 
jus tempus periodicum ſatis inſigne eſſe potuerit. Utrum 
cometa noſter in approximatione ſua ad tellurem, ab 
actione telluris fuerit affectus, id quidem nec affirmare 
nec negare auſim, ſaltem veriſimile mihi videtur, hanc 


actionem non admodum ſenſibiles mutationes producere 
valuiſſe, et ex ſuperioribus quidem conſtat, pro tempore 
periodico cometæ non admodum magnas alterationes 
oriri potuiſſe. 

Denique licet valde dubĩium eſſe queat, utrum cometa 
noſter in proximo ad perihelium acceſſu, nobis ſe conſpi pi- 
ciendum præbeat, quod motus ejus ab actione Jovis to- 
talem forſan ſubierit mutationem; tamen aſtronomis 
haud prorſus ingratum eſſe exiſtimaverim, ſi tabulam 
ſubjunxerim, quæ oſtendet in quibuſnam cceli regioni- 
bus fingulis menſibus cometam hunc querere oporteat, 
reſpectu quoque habito ad majoxes vel minores valores 
temporis periodici, limitibus 5 et 6 annorum contentos. 
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anno 1770 obſervati. 


Tong: | Latit. | Tong, TLadt. | Long | Lad. | Long. | Tact. Long, | Latte | 
Ws. |o 3 3 E , 5 7 0 . 0 E „ | 
ii 1 0 13%] © 144/11 120 49Bho 5 2 7B 8 27 | 2 55 | 
15] © s | © 20010 26 | 6 9 13297 29 313 
1: 3% . n 10 $314 48 7 22 3 25 
15 1 % 300g 4 1 772387 3*] 2 38 | | 
1 1 26 | © 25A fin conj. cum ol 7 5 2 567 o*| 2 17 3 
15)in conj. cum O 6 29 | 2 29 6 29*| 1 59 | | 
g-i| 3 5| 0.494] 6 24 13717 3 | | 
15] 3 12116 6 2310 5t|7 An | 
pt, 13 231 196 10 58207 10 o 50 
1 4 115 82 107 16 0 27 | 
14101 94 22 2-27 | 7 24 O 314 | | 
1 1 34 | | 
vv. 1 4 22 [1 587 145 88 22 1 5 | 
15 4 20 [61s th % 
c. 1 4 10 37457 44 10 4| 5 42 10 20 | 2 554 | 
1514 1 20 3224379 3 7% 929349 28 o 394 
3 5 236 e 
15 3 912142110 2 19 231 32 jo 391} 0 31 | 
POET OY PT RY 1 26 |:1 19 o 57. | 
15 3 4*] oO 40 | oO 10% 1 2 11 * 0 28 0 14%] © 95 | | 
110 3* O 44 f 6% o 12 10 12* © 285 | | 
15 0 24* © 49 1 24% © 29 |11 1 . 
. 11 25% © 12 0 28+ 0 33:10 * 2. 21 | 
W_ 15 0 165] © 29 [11 18'! © 12 10 17] 1.13, 4 3 


De hac tabula notari convenit, quod in illa ſaltus non 
nunquam majores prodeant, quod inde evenit, quia ex una 
columna verticali in præcedentem tranſitus factus ſit; 
M 2 ©--- od 


* * ial 3 "=> * 


— 
—_— ” 

— 
— 


=» >: - => — T-— Ho. 

— 

N NN 
” - - 


\ — 
— 


. — 
_ — ——— 
* E 1 * 


e * r 
— 


. — 
he Wr 1 mung 


34 


De tempore Periodico Cometæ 
fic fi fapponatur tempus perihelii incidere in 13 Junii, 


erit pro 1 Junii longitudo cometæ 11* 27* et latitudo 


I* 33% quæ in columna vertical ſecunda allegantur; 
pro 15 autem Junii, erit longitudo 1* O et latitudo 
30/ bor. quæ in columna verticali prima afferuntur, 
Fundamentum autem cui conſtructio hujus tabulæ inni- 
titur, in eo poſitum eſt, quod ſuppoſuerim cometam ſi 
incolis telluris conſpicuus evadat, non multo magis a 
terra debere eſſe remot um, ac erat dum anno 1770 menſe 
Octobris conſpicuus eſſe defiit, hincque etiam loca in 
tabula no%ra aſteriſcis notata indicant, dubium eſſe, an 
cometa in kis locis viſibilis fiat. 


IN a pamphlet of eighteen pages in quarto, publiſhed 
at Upſal in 1776, Mr. ERIC PROSPERIN, member of the 
Royal Academies of Sciences at Stockholm and Upſal, and 
Aſtronomer to the king of Sweden, has ſhewn by his 
calculations, that the obſervations of near four months 
made on this comet by M. MESSIER could not be. repre- 
ſented by a parabolic orbit; and founds a ſtrong conjec- 
ture thereon, and on the circumſtances of the different 
parabolas which he found neceffary to repreſent the mo- 
tion of the comet at different periods of time during its 

4 ES appearance, 
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appearance, that its orbit may be ſenſibly elliptical 
(which it ſeems M. PIN GRE, who firſt calculated the orbit 
in a parabola, had alſo ſome ſuſpicion of) and concludes 
with recommending the inveſtigation of the true ele- 
ments of its orbit in an ellipſis. The laborious calcula- 
tion thus recommended has, we ſee, been ſince ſuccefl 


fully and ſatisfactorily performed in this paper by Mt 


LEXELL. 


N. MASKELYNE. 
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IX. On the General Reſolution of Algebraical Equations. 
by Edward Waring, M. D. F. R. S. and of the Inflitute 
of Bononia, Lucaſian Profeſſor of Mathematics in the 
Univerſity of Cambridge. 


— — . 


| 
Read Jan. 28, 1779. 
mn the year 1757 I ſent ſome papers to the Royal So- 7 
ciety, which papers were printed in the year 17 59, 
and copies of them delivered to ſeveral perſons ; theſe 
papers ſomewhat corrected, with the addition of a ſe- 
cond part on the properties of curve lines, were pub- ; 
liſhed in the year 1762. In the years 1767, 1768 : 
and 1769 I printed, and publiſhed in the beginning of 
the year 1770, the ſame papers with additions and e- Ml © 
mendations under the title of Meditationes Algebraicæ. * 
In theſe papers were contained, with many other inven- © 
tions, the moſt general reſolution of algebraical equa- f 
tions known, as it contains the reſolution of every al- 


gebraical equation, of which the general reſolution has 


been given, viz. the reſolution of quadratic, cubic and þ 
biquadratic, the reſolution of Mr. DE MolvRE's and Mr. 
BEROUT'S (ſince publiſhed) equations; it diſcovers the 

reſolution 


tl 
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Dr. WARING on the General Reſolution, &c. 87 
reſolution of an equation of x dimenſions, of which 


the n roots are given, and alſo deduces innumerable e- 
quations of dimenſions, which contain x — 1 indepen- 


dent coefficients. From whence it ſeems probable, that 


this new method of mine may contain the moſt general 
reſolution of algebraical equations that ever has, or, 
perhaps, ever will be invented. 


The general reſolution is x = a 'Þ +6 Vp + Cp +: 


— — — — — 


H. . TPS LSF = +> it the equation 


be * AT + BT CHE P &c. o. 


I ſhall add the reſolution of ſome particular equa- 
tions from this method, and then ſubjoin the equation 


to which x = aV/p +bV/ Fred Pp + Kc. is the general re- 


ſolution. 


I. Let the reſolution be x=4 p 5E, and the cor- 


reſpondent equation free from radicals will be found 
* 3abpx—a*p—bp* =o. Let x*-epx = o be a cubic 


equation whoſe reſolution is required, which ſuppoſe the 


ſame as the equation found above, and conſequently their 


correſpondent terms equal, 1. e. P zap and Q=0&afp + 
P 


bp*, whence p= —, which value being ſubſtituted for 


3ab? 
&Þ* 


. a P 2 
p in the ſecond equation, there reſults Q 7 * „ In 


this equation for @ or 65 may be aſſumed unity, or any 


Other 


| 


exterminated, and there reſults the equation 44* + 29# 


88 My. WARING on the General 
other quantity whatever, and there will reſult an equa- 


tion of the formula of a quadratic from which the other 


þ or a may be found, whence from the equation (p= 


P 
= 


of the cubic required. 
In the ſame manner for y may be aſſumed any quan- 


tity. whatever, and in the equation Q= ap + 5p* for 


) Þ may be deduced, and conſequently the reſolution 


ſubſtitute its value — or for à its value = and there 


reſult the equations Q ap + = d A 


Top ORE 7p 
which have the formula of a quadratic, from which 


may be deduced the reſolution of the cubic required. 
2. Let the reſolution aſſumed be x = ap + 2 + 


cp; exterminate the irrational quantities, and there 
reſults the equation x*-(24*+ 4ac) þx*—4 (&*bp + - 
ap +b*þ* —C*p*+ . Aab So; ſuppoſe p=r, and 
the given equation x*+qx*—rx+$=0, let the correſpon- 
dent terms of the given and reſulting equations be re- 
ſpectively made equal to each other, and there reſult 
the three equations 24 + 4ac=—9q, 40 (@&* +a) r, and 
a*—b*+*—24 abe = =; reduce theſe equations in- 
to one, ſo that the unknown quantities @ and c may be 


+(£-9) b——=0 of the formula of a cubic, from which 
the 
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Reſolutian of Algebraical Equations. * 
the unknown quantity 4 may be found, which being 
ſubſtituted for its value (5) in the preceding equations, . 
from the equatidns thence' enfuing may be found the 
unknown quantities à and c, and conſequently the re- 
ſolution of the given biquadratic x*+ qx*—rx +5=0. 
From the ſame principles can be deduced different re- 
ſolutions of the above-mentioned biquadratic x*+/x*— 


1X+$SZ=O. | - 
3. I. Let x=aV, 7 +6) 7 , then will the equation 
free from radicals be x** — 20"px" ——. 2b px" — 


nX k'— 1 wml pb tt 2K -i K 4 * 3% 
1.2.3.4 21 4 1.2.3.4. 6-6 * 508 a Þx 
7 2 2 
Abe: _ wt Bina. X 2 n U px e 2. 
1.2.3.4.6-6.7.8 
F 


1 K — Ye ana" K — * ＋ 
1. 2. 3. 4.6.5.7. 22 — 2 * 


This equation may be deduced from the following 
principles. Let a, 6, , d, e, &c. be the an roots of 
the equation 3 * 1 =o, then (by Prop. xx111. of my 
Meditat. Algebraic) the equation free from radicals will 


be the product of the following quantities (x A 7 — 
VP) (x aß Vp Ig VP) (x ay Vp- b VP) * 
ap- p (& ap be Vp.) &c. = O: multiply 
theſe quantities into each other, and from the reſulting 


product, by Prob. III. of the Meditat. Algebr. eaſily can 
VoL. LXIX. N be 
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"Mr. WARING on tbe General | 
be deduced the equation free from radicals which waz 
to be found. 


. | b 
3. II. Let x, then will the correſpondent 
equation free from radicals be * 227 1 Dapx"— —— = F 
„21 1 GN p —— x 21 + 1 N f - Mr 
Xu —LXn—4Xn+3 7 nu —1.n*— 4 — gn +4 
1.2.3. 4·5·0.7 x 210+ 1 apart? 1.3. 3-4-5099 | 
21+ IO ] pr q . . 9. — 16.. 22 K h 
1. 2. 3. 4-5-6. 7. 8.9. 22 — 1 | 
21+ I I -b P75 7 
This may be derived from the ſame principle as the 
preceding. n 
IJ UI. In general let the equation be x=aP/p+8Yp, x. 
then will the equation free from radicals become ** 
ma"—bpx — m. G. pr 1. Sg a" px" -= 
m— 6 . a—7 mM — 27. — — 90 — 
nr wr —_— —— b*pxi 


Kc. = @"þ = ro if m 8 an even . it 
will be — p, but if an odd number, it will be +/. 

4. IJ. Let 7: denote an odd number, and x 4 5 + 
* then will x"—p (na bx + ind 4 b 227 + 


eee n. A — RT Te 75 er +21,— — TI EY de 
= bee + e ee 8 +k 
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2 3 * 5 


n+ ; * WF — na+3 
x N. 122-9, bs ** * n. 


1 — 2.—9.2— 11 —13 


— — . — ww — — — — 2—21 n+7 
FF : 3 Rd Fe. he > bed Fa 2 a 2 0 = X'+ 
0. ES | 

I 1—II 2 — 13 #—16 n—17 1 —19.2— 21 #—23 #— 25 n—27 nÞ+9 


Re ® — — — — a þ ts x? — 
cc 


xc.) Ap b pi. 
The quantity = p* denotes 2 if —- is a whole num- 
ber, otherwiſe - . > 


=avV/p+bY/P, then will x* = þ (na bx Tu. = ab xt 


+ hy 2 7 ar + . — CA — 8 + 1. ——. 


. _ . —56 n+2 
1 DS 7 ABS + &c. ) + 72 (2. Aa 2 2 2 2 X* — 


* . 10 25 * x n. n— 8 n— 10 8—12 8—14 

: 2 3 4 2 3 4 5 

egen eee lese rd genre 
6 4 2 3 4 $ 6 7 8 
n—24 A 


a b: Kc.) =&þ+0& 24 620 


The quantities and = 2 47555 denote + þ*, and 


2a hh, if _ is a whole number, otherwiſe they 


denote - P and 24 55. reſpectively. 
5. I, Let * a ppi, and # an odd number, 
= N 2 then 


f 1 


91 
—15 #—16 »—17 #—18 #— 19 10 — 
—. I G 8 M + &c.) * þ* (na 2 


3 6 =P 


4. II. Let 2 denote an even number, and x as before 


. * 1 
= ad. a Ry a> 4 - 
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the leaſt greater than -a 7 2 (1 +2 2. —.— 
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then will & — nab + n. ap a+ n. 


bp n e ab px Sc. p. 
5. II. Let x=aVVp+b3/p*",. and ꝝ an even number, 
#—4 


then will x” nabpæõ + mn. e . 
PPP n. . . A cup Se. = ap 


a U- ; it will be + 24 Up- if n=4r + 2; 


but 24 p if n 4r. 
6. I. Let x=aV/p+ bp”, and n an odd number, 
which has not the number 3 for a diviſor, then will 


* nab. n. LAPS = mL EEE pa 4 


7Y 
55 *. * a . bs Pal LM 212 2 — 


s "5 = * 14. — 15, 1 — 16 2—17 2366 
bp n. . bp Re 


(to m terms, W i m is the nag * equal to, ot 


—2 : — - 
a bpx u. . *. : Haar ah +I Xt 


. 1— 13 2—15 212 12 a bp x. - * n. —11 #—13 #—15 


3. — 5 a ak 2 3. 4 * 
I GR: —27 
= — ——_— — 22 2 + Kc.) = = A2 apf 
*. 


Let u be an odd number diviſible by 3, then will the 
above* 


Qu 
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0 * * * N # ” 
4 * 1 1 LY 4 2 b T 
4 44K, 2 e 
- 1 by * 2 
4 P Ls * « _ \ 
. Y - 


above-mentioned quantity 2 1— s D 3 2555 77 + 
345 557. | 
6. II. Let A be an even — not diviſible by 3, 


then will x — N — 4 4 5 ths = — 


bp ee a=, 2 bp. wa = A= 
—14 47 b eee Land and BD . 
5 Pp 3 ä 6 EP 


&c, to m terms as before b= I Iv ' (2x + 2 2. 4 


2 
* 
2 U. — 2 2 Th e "+= 8 
2 3 


. ap 2 4 x 8 — 14. 1 —16 1— 178 


—_ — 6 — ®. 1 * 
3 2 3 + 5 © 
1-20 2 — 422 


1 U Kc.) ACP. 
ta n be an even number. diviſible by 3, then will 


ie above-mentioned quantity A p- 
345 55 " 
In all the precedin g caſes , m and 7 denote whole af-- 
firmative numbers. Ps, 
Theſe equations may be deduced in the 8250 manner 
is before given in Caſe 3. I; or can be demonſtrated 
y writing in the equation free from radicals for the dif- 
Tent powers of x their values deduced from the given 


quation x=aV/p- p4 WP. 
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To render the ſolution general, it may not be impro- 
per to ſubjoin the ſubſequent. 


L. E M M A. 


1. Let a, E, 5 ; e, & &c. be the reſpective roots of the 


unleſs n=, or n is a diviſor of mn, in 1 which caſe a” + 
"+9" +0"+8" Kc. n. 

2. The ſum of all quantities of the following kind 
4 +86" ον N Y +64" + "0" Kc. will be 
o; unleſs ꝝ be either equal to, or a diviſor of +7, 
in which caſe the ſum above-mentioned will be =— 2; 
except u be either equal to n or 7, or a diviſor of them 
in which caſe the ſum will be -A; but if mr, then 


in the former caſe will the above-mentioned ſum = = — 


nm - 


-. E- 5 


and in the latter = Gs | 
3. The ſum of alt quantities of this kind a“ &e.+ 
a , &c. + a"b&"y 0 &c. + ay &c. + 8c. will be 
= ©, unleſs n be either — #£+4+5+2 8&C. or a d- 
viſor of it. 574 31155 — 
Let x be the number of indices m, 1, 5, 10 Kcc. and 1. 
n be either equal to-42+ 7 +5+Z + 8c. or a diviſog of U. 
but u be neither equal to, nor a. diviſor of the ſum d 


any two, three, four, ... 1-3, - 2 or x1 of the above Vi 
mentioned 


* - v L 4 p IJ F 1 = _— by n 
j $ © hl +, £ : 9 © ts. of 4 F 7” q 
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mentioned quantities ; then will the ſum above-men- 


tioned I. 2. 3.4. . T— 2. 1 IX n; Where it will be +, 
if x be an odd number; otherwiſe —. 

In this caſe, if @ indices be n, & indices ber, c in- 
dices be 5, d indices be 7, &c. then will the above-men- 


ͤ— — w__——_— 


d ſum = = 1.2 3.4. — 2 * T— 1 
tione 1.2.3. X 1. 2. 3-5 X 1. 2. 3. c X 1. 2. 3. 4 X &c. 


x71, 


Let M be either equal to, or a diviſor of the ſum of 
any number e (leſs than x) of the above-mentioned quan- 
tities 172, 7r, 5, t, &c. and conſequently either equal to, or 
a diviſor of the ſum of the (cg) remaining quantities: 
find the ſum of all poffible quantities: « of this kind 


— — — —— — 


1.2.3. 2 * PI x 1. 2. 3. 1-2 E- * , Which. 
ſum call A. 

Let n be either equal to, or a diviſor of the ſum of 
any number (o) of the above-mentioned quantities , 
r, J, t, &c; and. alſo equal to, or a diviſor of the ſum: 
ef any number (9 of the remaining quantities, and: 
conſequently it will be. either equal to, or a diviſor of, 
the ſura of the (K o) remaining quantities; then 
ind the ſum of all poſſible quantities of this ſort 


1.2. 3. C2 IX. I. 2.3.9 — 2 2x8 — Tx F.2.3 3.2 299 2 
2 —g—1 x #7, which ſum call B. 
In the ſame manner let 7: be either equal to, or a di- 
viſor of the ſum of any number (7) of the above-men- 
tioned: 


& w"e 9 * * * * 
* " IV * = } _ 
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YR quantities n, 7, 5, t, &c; and Want let u be 
either equal to, or a diviſor of the ſum of any number 
( of the remaining quantities; and alſo let 72 be either 
equal to, or a diviſor of the ſum of any number (.) of 
the remaining quantities; then will zz be either equal to, 
or a diviſor of the ſum of the (-g ) remaining 


P ay - tet LAS # 
— * 


9 


quantities: : find the ſum of all quantities of this ſort 


1.2. 3.71 — .. 3. 2 ͤö 0 1 „ T. . * OY =—2 
9 —I x I.2, 3. 110 e 99 i, which 
fam call c; and fo on; then will the above-mentioned 


ſum a Y &c. + A &c. + P Kc. + a 
&c. + & c. = (1. 2 Z--7F—2xT—I xXN—A+B=C+D— Kc. 


where it will be + if r be an odd number, otherwiſe = 
In this caſe, if @ indices be mn, 6 indices be r, c in- 


dices be 3, d indices be $A gc. then will the above- men. 
1. 2.3. T2 T1 * — A+B-— C+D—&c. 


1. 2.3.4 Xx 1. 2. 3. X 1. 2. 3. c X 1. 2. 3. Ax K . 


tioned ſum = == 
7. Let a, 6, 77 0, e, 8c. be the roots of the equation 
S- Igo, and the reſolution be x=aVp+bV/p ef. 
dp. + b Ap. I. + I/we. Trepe. 
+5 PO *H+1/p p; then will the dit- 
ferent values of x be reſpectively aVpx 4 T p* x 0+ 


p * 4 * p. „ . +bV/p* So. + k</pt X eee 


Tp rxa Ht Vf xa nuV/p Xx & 


—1 
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aV/pxPB+bV/p* x8 + oV/P x "x B+ d VP x B.- A 
g.. Sp N = 


ve R= xn; 1 
aV/pxy+bV/p x * cp * oy + dp * *. ” 45 p, * 
„ . —— x 4 14 
u xy; - 
lee Fre pd d pir d. epd. 
ex. beg p ð1'0 . ee 
9— 2 e; 
&c. &c. &c. &c. 


and conſequently the ſum of the values or roots, which 
is the coefficient of the ſecond term of the equation 
ſought, will be aVVpxa + 8 + 7 + 0+ Kc. (o) + bY/p* x 
g++ +0*+8&c. (o +CY/P* x a+ +94* +0 &c. (o) T. 
S = +87 ++ ·˖ o+ Kc. (o) + USP x 
Se "'+8—+y —1 +0 Kc. (o) = o. 

The ſum of the products of every two of the values 
lor roots, which is the coefficient of the third term of 


the equation ſought, will be 2. K BY. - ad + 


ts. ä 


77 Nc. (0)+abV/p* xa TS Tay TY +67 +y6 + 
aF +0" + Kc. (o), and in 2 all the terms will be 


o, unleſs a x #xÞx ap” + bo” 
VoL. LXIX. 


by * * " — , 
ov” \ 9 4 «. $ C 
oy ds * : 
n 
* 
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yo —c—pT— e 1 cc. (- 
x up 2 85 5 as 7685 a fl 
+a * +00" * + mr + 07 Kc. (= n) + Ctþ 
a +a, tay + + y* a 3 +&y 3 all 3 + 363% 
07 a +I +0 5 Nc. (u) + diÞ x a8 = a 
ay ++ fa by po +8&c, (-i) + &c. =—npþ(au+ 
bu+Cct+ds + &C.) 


K #= 2A then will the coefficient of Y be _ i. e. 


the above-mentioned coefficient will be — 7p (au but 
et ds. . +5) 
The ſum of the contents of every three of the 
bove-mentioned values or roots, which is the coefficient 
of the fourth term of the equation required, will b 
&vVp P x 497 + o + ays + 2 + Kc, (0) a P x 
apy + ay&* H + af0* + Nc. (0) + &c. + &oS/p x 
apy * +ays—* + ba T h + a Kc. S — + 


— . ç ͥ W- —w_ —— 0 


abt p. x a&'y *+ay & *+ba'y *+by a" +95 To + 
ya" + aff" Kc. (1. 2. 2) + Kc; and in general al 
the terms (unleſs the quantity WY contained. in. the 
term have this formula pp, or Vp p') will be=0j 
let the general term be denoted by DN Fr 

Se Nd rege k 
firſt let A+y+y neither be equal to ꝝ or an, then will the 
term 
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term above-mentioned = o; if it be equal to 7 or 27, 
then will the term be 1.2 x 7x Hp or f. an | 

If two of the three indexes à, u, „be equal to each | 
other, then divide the above-mentioned term by 1.2 
if the three indexes be equal, i. e. ,=u=y, divide it by 17 
1.2.3: find all quantities of this Kind where A+y+y ei- 
ther is equal to A or 27, and add all the term from thence 
derived, and call the ſum of them A. 

The ſum of the contents of every four of the va- 
lues or roots above-mentioned, which is the coefficient 
of the fourth term of the equation required, will be 
= 9 + Kc. (0) + @®bxv/P* *« afoy9* + apy 0+ 
26 70 + &*Þyd + &c. (0) + &c: let —— X 

dy B+ 0 ra T By + of Boy 0 + ys" + 
ay I + &c. denote a general term; this term will be 
So, unleſs a+yu+y+£ either = x or 24 or zu; in which 
caſe the term will be either 1.2. 39bk/qp or- 1. 2. 39bklgf* 
or- T. a. 3ubligpꝰ; unleſs A+p=y+f=n, when the above 
mentioned term will be — (1. 2.32 — #*) bk/qp*; in this 
caſe if a=y, and conſequently n = E, then it will be —- 
(1. 2. 3u— 1. au) Bg; but if a=p=y={==, then will 
the term be — (1.2.39 31) HRA. 

In all theſe caſes, if two of the indexes Ay U, 5, E be 


a then muſt the term given above be divided by 
O 2 1. 23 


y N 
0 . wy 1 1'V : 
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1.2; if three, by 1.2.3; if four, by 1.2.3.4; and 
laſtly if two are equal to each other, and the two re- 
maining indexes equal to each other, but not to the for. 
mer two, then muſt the term aforeſaid be divided by 
1.2.1.2. 

Find the ſum of all the poſſible terms of this kind, 
which call B. 

In the ſame manner from the preceding Lemma may 
be found the aggregates of the contents of every five, 
ſix, ſeven, &c. roots or values multiphed into each o- 
ther, which call reſpectively e, D, E, &c; then will the 
equation required be -u (au+bv+ct+d5+8&c.) x**- 
AX TB -C TD Kc. o. 

From the ſame principles may be deduced the mo 
general reduction yet known. of. equations to others ol 
inferior dimenſions, e. g. 

Let (T) (Ar ap - 28 — 0p 5 9255 
48 =) x*—*+(B +a '/p+ 3 Vp + «we + $f + Vp") 
(c &e.) x*"*+8&c.=0:; let a, 6 5 
0, &c. be the reſpective roots of the equation 3“ 1 =0, 
then, from the principles before given, may be formel 
the different values of the equation X, which being 
multiplied mto each other from the propofitions before 
mentioned of the Meditationes Algebraicæ, may be de- 


duced an equation of um dimenſions free from radicals 
2 whole 
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whoſe root is x, and which contains un unknown quan- 
tities A, a, ö, c, &c. B, 4, i, c, &c. c,a",b", d, & p. for 
one, two or more of theſe unknown quantities may be 1 
aſſumed any quantities whatever, and thence may be de- 
duced equations of un dimenſions, which may be re- 
duced to equations x*+(Aa + aVprb3p +6V/p* + &c.): 
c. o of n dimenſions. 

In the ſame manner may be aſſumed equations, which 


right „ , VE, VE. SC; 
Vt, ST, Arn, Vr, 8c; and from ſo reducing 
them as to exterminate the irrational quantities, may of- 
ten be derived equations whoſe reſolutions or reductions 


are known. 

The method of transforming algebraical equations 
into others, whoſe roots bear any aſſignable algebraical 
(but not exponential) relation to the roots of a given 
algebraical equation. firſt publiſhed by me in the papers. 
ſent to the Royal Society, and afterwards in the year 
1760; and thirdly in my Miſcellanea Analytica; and 
laſtly in the Meditationes- Algebraicæ, and ſince pub- 
ſhed by Mr. LE GRANGE in the Berlin Acts, is perhaps 
(as Mr: LE GRANGE obſerves) more-general than Mr. 
HUDDE's, or any transformation yet invented; it is very 
uſeful. in the reſolution of numerous problems; and 
further 


= {as 22 — 4 a 
* = 
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further has this peculiar advantage over all other trans 
formations yet invented, that it often eaſily diſcoven 
ſome of the firſt terms of the equation required, from 
which many elegant Theorems may be derived. 
In the works above-mentioned, . viz. Miſcell. Analyt 
Medit. Algeb. &c. are given ſome problems ſerving ty 
this transformation; the firſt of which is a ſeries, which 
from the coefficients of a given algebraical equation 
(apa +gx*—8&c,=0) finds the ſum of any power 
of the roots (viz. a “t “* + 8&c. where a, G, 75 0 
&cc. denote the roots of the given equation), the law of 


which ſeries was publiſhed by me many years before 
that it was given by Mr. EULER. The third Problem 
often mentioned in this paper is an elegant and uſeful 
ſeries for finding the ſum of quantities of the follow- 
ing kind, viz. 458 „&c. T, &c. AY &. 
1 &c. + ey T &c +. &c. | 

Mr. EULER gave the following reſolution, x = n+ 
Vet Vat J &c. where x, 8, o, T, &c. denote the root 
of an equation of - 1 dimenſions o*'— pu? +gu"7- 
&c. =o. It is evident, that in this caſe the equation 
"Whoſe root is x will have 2 dimenſions; for let the 
roots of the equation 2*-1=0 be denoted by &, B, 555 
c. then will the quantity v/ x have the x following v# 
lues 
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thes an, Vr, Vn, &c. and the ſame may be affirm- 
ed of the quantities Ve, Jo, Vr, &c. and conſequent- 


by the quantity Jr 2 will have nx. different values I 
and in the ſame manner the root æ HH 6 4 1 
may be proved to contain nxN1xN1xNx &c. =. roots, | 
and conſequently in this reſolution, i in equations 'of ſupe- 

rior dimenſions, the number of independent coefficients 
(1-1) will be very few in proportion to the number of 
dimenſions x", or (if we re Nie its amen 8 of. 


the reſulting equation. W 
Let =3,. and the equation reſulting will riſe to an 


equation of nine dimenſions, which has the formula of 


a cubic; for let æ Vn e = 4 one root, then will 


— — — Za be two other of the nine roots, 


2 


* conſequently "OM roots will be x*—@* x x?—b* x x33 
=o, which has the formula of a cubic :. and in general 
the above-mentioned equation of 2 dimenſions will, 
for the ſame reaſon, have the formula of an equation 
of ni dimenſions. 

Let the reſolution be x = +2 + N H + &c. 
Where x, e, c, r, &c. denote the roots of an equation 
* p — &c. = O of (1-1) dimenfions, then 
Will the reſulting equation free from radicals, whole : 
Toot is x, rife to 2. dimenſions ; but as every affirma- 
tive. 


* — ” 
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tive has a negative root equal to it, it will have the for. 
mula of an equation of 2. dimenſions, 


FX m | Xn 
Let the reſolutzen be of this formula æ av 
r N 


N. &c. if , 2, 6, * y ec, be conſidered. as the 
Power of the roots of an equation of 5 dimenſions, then 
Will the reſultin g equation , of which the reſolution i 
given, riſe only to an uation of the formula of mn 7 
dimenſions. 
In the year 1 17 621 publiſhed ſome reaſons, for which 
this method could not extend to the general reſolution of 
algebraical equations. - 


| 


{ 10s. J 


XI. Obſervations on the total (with Duration) and annular 
Eclipſe of the Sun, taken on the 24th of June, 1778, 
on Board the Eſpagne, being the AdmiraPs Ship of the 
Fleet of New Spain, in the Paſſage from the Azores 
towards Cape St. Vincent's. By Don Antonio Ulloa, 
F.R.S. Commander of the ſaid Squadron; com- 
municated by Samuel Horſley, LL. D. F. R. S. 


Read December 24, 1778. 


HE public prints will have given notice of my ar- 
rival at this port, with the fleet under my com- 
mand, on the 29th of June laſt. A very fayourable, 
thougli 


— - 8 * 2 del. a... th. Py _ — * — 
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Obſervations de I Eclipſe du Soleil totale avec Retenſion et Annulaire 
faites le 24 Juin 1778; ſur le Vaifſeau VEſpagne Commandant 
Eſcadre de la Flotte de la Nouvelle Eſpagne, en fai/ant le tra- 
jet des Ifles Terceres vers le Cap St. Vincent. Par Don 
Antonio de Ulloa chef d' Eſcadre et Commandant General de ia 
ditte Flotte, Membre de la 8 ociete Royale de Londres. 


() N aura appris par les nouvelles publique, que je ſuis rentrẽ dans ce port le 
29* du mois paſle avec la flotte de la Nouvelle Eſpagne ſous mon commande- 
ment, Le trajet dans mon retour, qui a ẽtẽ long mais tres heureux, m'a ẽtẽ favo- 
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though long, paſſage gave me the opportunity of ob. 
ſerving at ſea the eclipſe of the Sun, which was accom- 


panied by a-phenomenon obſerved by few aſtronomers, 

| and which I myſelf ſaw for the firſt time; to wit, the 

| tuminous Annulus which ſurrounds thediſk of the Moon: 

the following is a deſcription of this appearance, one of 
the moſt beautiful that can be conceived. 

The motion of the ſhip prevented our obſerving the 
beginning of the eclipſe, by reaſon of the difficulty there 
was in keeping the Solar image and a part of that of the 
Moon within the field of the teleſcope; the object va- 
niſhed every inſtant, and it was not till after ſeveral fruit. 

leſs trials that I could get it again. Beſides this, the arms 
grew tired of holding up the teleſcope and ſmoaked 
glaſs, which could not be reſted upon any thing from 
the neceſſity there was of moving the teleſcope in a con- 
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I. — — — c 
1 1 | rable pour obſerver en mer PEclipſe du ſoleil accompagnee d'un phenomene tre WW n 
\_ ; 4 particulier que j'ai vu, pour la premiere fois et que peu d' aſtronomes, ont obſerve, ¶ d 
lv. | 4 ) juſqu' 4 preſent : Ceſt Panneau lumineux autour du diſque de la lune, phenoment q 
1 1 ö des plus frapans et des plus beau a la vue; en voici la deſcription: J. 
1 Le mouvement du vaiſſeau ne permit pas d'obſerver le commencement d m 
Veclipſe, par la difficult de conſerver le corps ſolaire et une partie de celui de co 

Lune dans le champ de la Lunette; objet m' ẽchapoiĩt i tout moment, et je ne: ¶ co 

ratrapois qu' apres bien des recherches. Outre cela, les bras ſe fatiguoient a 10 to 

tenir en Pair la lunette et le verre obſcur, qu'on ne * apuyer, parce qu for 


falloit 


on an Felipſe of the Sun, 107 
trary direction to that of the ſhip. I had no other 
calculations but thoſe to be met with in the Connoiſſunca 
des Tems, which 1 did not find very exact, owing either 
to ſome error in the calculations themſelves, or to the 
longitude of the ſhip's place not having been accurately 
determined in that book: I found a pretty ſenſible dif- 
ference in the hour ſet down for the beginning of the 
eclipſe. I obſerved the total obſcurity of the Sun's diſk 
at 44 minutes paſt three, the beginning of the emerſion 
at 48 minutes after three, the end of the eclipſe at 48 
minutes after four; conſequently, the middle of it muſt 
have been at 46 minutes after three, or thereabouts: the 
total obſcurity laſted four minutes, a ſufficient time for 
obſerving the ring which was formed round the Moon. - 


Five 


” 


1 
—_—_ —_—__— — — — — * 


2» — — Qs. 
_ — — — 
. . — Cl 


falloit faire avec la Lunette un mouvement contraire à celui du vaiſſeau. Je 
rayois d'autres calculs que celui de /a Connoiſſance des Tams que je ne trouvois pas 
de la derniere precifion, ſoit qu'il ſe trouve quelque erreur dans le calcul, ſoit 
que la longitude eſtimẽe du lieu ou le vaiſſeau ſetrouvoit ne fuſle pas la veritable. 
Je trouyois une difference aſlez ſenfible far l'heure indiquee pour ſon commence- 
ment; J*obſervai la totale obſcurite du diſque du Soleil à 3 heures 44 min., le 
commencement de l emerſion à 3 h. 48 m. la fin de Peclipſe a 4 h. 48 m. par 
cor ſẽquent le milieu devoit Etre à 3 h. 46 m. ou environ. La duree de PFeclipſe 
totale du Soleil fut de 4 minutes, intervale ſuffiſant pour obſerver Panneau qui ſe 
forma autour de la Lune. 

22 s „ 


Don vil po OH nr 


1808 


Five or ſix ſeconds after the immerſion we began to 
obſerve round the Moon a very brilliant circle of light, 
which ſeemed to have a rapid circular motion ſomething 


ſimilar to that of a rocket turning about its center. This 


the center of the Moon approached to that of the Sun, 
and about the middle of the eclipſe it was of the breadth 
of about a ſixth of the Moon's diameter. Out of this lu- 
minous circle there iſſued forth rays of light, Which 
reached to the diſtance of a diameter of the Moon, ſome- 
times more, ſometimes leſs, which made me think that 
they were parts of a weaker light which were reflected 
in an atmoſphere more ſubtle than that in which the 
ring was formed. When the centers of the two 
planets began to ſeparate, the diminution began, and 
| took 


W 
5 


— 
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5 ou 6 ſecondes apres que P'immerſion eut ẽtẽ faite on commenca à decouvrir 
autour de la Lune un cercle de Jumiere tres brillant qui ſembloit avoir un 


mouyement rapide circulire, ſemblable a celui d un artifice embraſẽ mis en jeu 


ſur ſon centre, Cette lumiere devint plus vive et plus ẽblouiſſante 3 meſure que 
le centre de la Lune aprochoit de celui du Soleil; et dans le temps que Feclipſe 
fut a ſon milieu elle ẽtoĩt large de deux doigs du diametre de la Lune, ou comme 
la fixieme partie du dit dĩamẽtre. De ce cercle lumineux partoient des ray om 


de lumiere de toute ſa eircomfẽrence, 'perctptibles juſtu* à la diſtance d'un dia- 


metre de la Lune; tantõt plus, tantõt moins, ce qui me fit pebiſer que c&toit des 
parties de lumiere plus foibles qui sĩmprimoĩent dans un atmoſphere plus ſubtil 
que celui ou Etoit forme Panneau. Lorſque les centres des deux planetes com- 
mencerent I gecarter, la diminution comtmenęa et fe fit graduellement dans le 

meme 


tight became livelier and more dazzling in proportion ag: 


took place gradually in the ſame or der which had been 


obſerved at its beginning and during the progreſs of it. 


It diſappeared entirely four or five ſeconds before the 


emerſion. The colour of the light was not the ſame 
every where; the part immediately joining the diſk. of 


the Moon was of. a reddith caſt, from thence it changed 
towards a pale yellow, which about the middle began ta 


clear till, at the external extremity, it ended in an almoſt 


entire white, It was equally brilliant throughout, and 
the whirling motion, common to all the parts of it, 
ſeemed to change the form and poſition of the rays 
which appeared to the eye ſometimes larger, ſometimes 


ſhorter, at the ſame time that there was no change either 
in the colours of the ring themſelves, or in the arrange- 
ment of them, both which continued as I have deſcribed 
them. 

For 
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meme ordre qui ſẽtoit obſerve dans ſon commencement et ſes progres : il difpa- 
Tut enticrement 4 ou 5 ſecondes avant l'emerſion. La couleur de la lumiere 
wetoit pas la meme partout: la partie immediate au diſque de la Lune ẽtoit cou- 
leur rougeatre, enſuite elle tiroit ſur le jaune pale; et depuis le milieu juſqu'à 
Vextremite exterieure cette couleur jaune ſ*eclaircifoit inſcnſiblement Juſqu'a 
tier en fin tout a fait ſur le blanc. Elle <toit également brillante partout; et 
lon mouvement de tourbillon, commun à toutes ſes parties paroiffoit changer 
E forme et la poſition des rayons en les preſentant à la vue, tantot plus courts, 
antot plus longs, ſans cependant occaſionner de changement dans les couleurs 
& lanneau et leur arrangement qui reſtoit le mẽme que je viens de * 

i uatre 
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For four or five ſeconds before the appearance of 
the ſhining ring, and during as many after it had dif. 
appeared, one could ſee the ſtars of the firſt and ſe- 
cond magnitude as at the entrance of the night; but 
when it was in its greateſt degree of brilliancy, only 
thoſe of the firſt magnitude could be diſcovered. The 
darkneſs was ſuch, that perſons who were aſleep, and 
happened to wake, thought that they had flept the whole 
evening, and only waked when the night was pretty far 
advanced. The fowls, birds, and other animals on board 
took their uſual poſition for ſleeping as if it had been 


night, 

Before the edge of the Sun's diſk emerged from 
that of the Moon, there was diſcovered near that of the 
latter a very ſmall point of that of the Sun; it was im- 
perceptible to the naked eye, but having looked at it 

with 


— 


_— —— 


— — a 
—— 


Quatre ou cinq ſecondes avant de voir paroitre Panneau brillant, et autant 
apres ſa ſupreſſion Von vit, comme a Ventree de la nuit, les etoiles de la 1“ 6 


de la 20 grandeur ; mais lors qu'il Etoit dans ſon brillant on ne voyoit que celle L 
de la 1**, Lobſcurite fut au point que des perſonnes qui dormoient et qu le-y1 
Ceveillerent crurent a leur grand Etonnement d'avoir dormi toute la ſoiree et de m/ n ci 
Cetre Eveillees qu? aſſez avant dans la nuit. Les poules, les oĩſeaux et les aut! ¶ei de 
animaux prirent leur poſition ordinaire pour dormir comme fi c'eut ẽtẽ la nuit. edt: o. 

Avant que le bord du diſque du Soleil parut par celui de la Lune, on deco” ¶egale 


vrit pres de celleci un tres petit point de celui du Soleil imperceptible 2 la vue, 


mais Payant diſtingue par le ſecours de la lunenee, | je Veſtimai d'abord r la 
gran eur 


on un Eclipſe off the Sun. TTr 
with the glaſs I eſtimated it at firſt to be about the mag- 
nitude of a ſtar of the fourth order; after which it 
ſeemed to increaſe to that of one of the third. Its firſt 
appearance, to wit, that before the edge of the Sun 
emerged from that of the Moon, laſted about a minute 
nd a quarter, the luminous circle was' ſtill viſible 
though already much weaker than it had been. 

The reddiſh colour of the ring towards. the Lunar 
diſk, its deep yellow towards the middle, its clear and 
very pale yellow at the external extremity, its uniform 
crcumference, and the rays iſſuing from it to the diſ- 
tance taken notice of above, convince me that the whole 
i the effect of the Lunar atmoſphere, which is of a ſub- 
tance different from that of the earth, that is, more 
tranſparent, more homogeneous, more uniform, and fit- 
ter 


—— 
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gandeur d'une etoile de la 4* claſſe; et enſuite il me parut augmenter juſqu'a 
a grandeur de celles de la 3*. Sa premiere apparition, C'eſt a dire avant que le 
bord du Soleil parut par celui de la Lune, fut de la dure d' environ une minute 
et un quart : le cercle lumineux ſubſiſtoĩt encore quoique deja affoibli. 

La couleur rougeatre de Panneau proche du diſque de la Lune, jaunatre comme 
Culeur d'or vers le milieu, jaune clair et tres affoibli- vers ſa partie extẽrieure; 
> circonference egale, et les rayons qui partent de cet anneau à la diſtance ditte 
a deſſus perſuadent que le tout eſt l'effet de Patmoſphere de la Lune, laquelle 
elt de matiere differente de celle de la terre; plus tranſparente, plus nette, plus: 
tale et plus propre a reflechir les rayons de lumiere que celle ci; autrement, 
lanneau n'auroit pas ẽtẽ ẽgalement clair, brillant et colore dans la circonference 


Micre du diſque de la lune. On ne peut pas dire que cet anneau lumineux ſoit: 
7 Feftot: 
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ter for reflecting the rays of light, ſince otherwiſe the! 
ring would not have been equally clear, ſhining, and co. li 
loured throughout the whole circumference of the 
Lunar diſk. It cannot be ſaid, that this luminous ring is 
the effect of the ravs of the Sun reflected by the atmo- 
ſphere of the earth, becauſe the apparent diameter of the 
Sun is ſmaller than that of the Moon, whoſe diſk en- 
tirely hid that of the Sun. Beſides, if the luminous cir- 
cle had been made by the atmoſphere of the earth, itz 
colours would have been like thoſe of the rainbow, and 
it would have appeared fixed without motion, inſtead of 
which, that which was ſeen is the ſame as that which is 
ſeen by the naked eye upon the Sun when it is juſt above 
the horizon a little after $un-riſe or before Sun-ſet, fo 
that one may conclude, that this luminous circle is a part 
of the diſk of the Sun ſeen after refraction through the 
atmoſphere of the Moon, 


The 
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Veffet des rayons du Soleil reflechis ſur Patmoſphere de la Terre, puiſque le di- Pas © 
metre apparent du Soleil eſt plus petit que celui de la Lune, dont le diſque cachoit 
entiẽrement à nos regard ou à ceux du globe terreſtre celui du Soleil, D'ailleun, 
ſi cẽtoĩt ſur atmoſphere de la Terre que le cercle lumineux fut forme, ce cercl 
auroit ẽtẽ ſemblable dans ſes couleurs à Parc-en-ciel, et il auroit paru fixe ſan 
mouvement; au lieu que celui qui a ẽtẽ apergu eſt le meme qu'on diſtingue dam 
le Soleil en le regardant directement avec la ſimple vue ſur Phorizon peu apres 00 
lever ou un peu avant ſon coucher: enſorte qu'on peut conclure que ce cercle 
lumineux eſt une partie du diſque du Soleil vu par refraction ſur Patmoſphere 0 


la Lune. 
1 Le 


on an Eclip/e of the Suns I-I3- 
The point of the Sun's diſk, which was ſeen before its 
limb began to emerge from that of the Moon, is a very 
extraordinary phenomenon, which I was not acquainted 
with before. In order to-obviate all doubts which might 
ariſe about it, I muſt mention that we were three ob- 
ſervers, Don-JOACHIN D'ARAN DA, Lieutenant WINTUY- 
SEN, and I. Mr. D'ARANDA, who was looking at the 
eclipſe through a two-foot teleſcope about the end of the 
total obſcurity, was the firſt who perceived it. He, not 
knowing what it was,. told me, that the total obſcurity 
drew near an end, becauſe he diſcovered a {mall point of 
the Sun, like a ſtar, on the edge of the Moon. I looked 
immediately with the naked eye, and ſaw nothing. I 
then took out a ſpy glaſs, with which I ſaw as much. At 
length I took out my teleſcope of two feet and a halt, 
and did diſcover with that a red luminous point ſo near 
the 


n n 


— * * * 


— * — _— 


* 1 —— — 
1. 


Le point du diſque du Soleil, vu avant que fon limbe euſſe commence a pa- 
witre par celui de la Lune, eſt un phenomene tres particulier et dont je n'avois 
pas connoiſſance. Pour prevenir les doutes qui peuvent fe lever je dois dire que 
nous Etions trois perſonnes A obſerver Teclipſe: M. M. Don joAchINx DE 
ARANDA Cap. de fregate de Parmee, et pilotte major de la flotte; Don p. wix- 
TUISEN lieutenant de vaiſſeau et major de la ditte flotte, et moi, Mr. D'aRANDA, 
@ regardant Veclipſe vers la fin de la totale obſcurite avec ſa lunette de deux 
pics, fut celui qui Papergut le premier : ll me dit, ne ſachant ce que c'etoit, que 
k totale obſcurits ẽtoit pres de finir, parce qu'il voyoit un petit point du Soleil 
ur le bord de la Lune ſemblable à une etoile. Je regardai d abord avec la vue, 

Vor. LXIX. Q. at 
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theedge ofthe Moon, thatitleft menodoubts of its belong. 
ing to the body of the Sun. I, at that time, eſtimated it tobe 
about the fize of a ſtar of the third magnitude; and ima- 
gine, that when Mr. D'ARAN DA diſcovered it, it muſt have 
been like one of the fourth. This point gradually in- 
creaſed, and when it became of the bigneſs of a ftar of 
the ſecond magnitude, the edge of the Sun emerged 
from that of the Moon. The interval between the firſt 
diſcovery of this point and the beginning of the emer- 
fron was about a minute and a quarter. This appari- 
tion of the Sun, before the beginning of the emerſion, 
can only have taken place through ſome crevice or ine- 
quality on the limb of the Moon, not perceivable at the 
full Moon, by reafon of the reflected rays which croſs 
each other, and confuſe it; whereas at the time of the 

eclipſe, 


1 


et je n' apercu rien: Je tirai une lorgnette de la poche et je n'en vis pas d avan- 
tage; enfin je pris ma Lunette de 2+ pieds avec laquelle je dEcouvris effeCtive- 
ment un point rouge et lumineux tres proche du bord de la Lune qui ne me hiſſ 
aucun doute que ce ne fut le corps du Soleil. Je Peftimai pour lors comme 
une etoile de la 35 grandeur, et je preſume que lors que M. D' ARANDA la 
decouvrit, elle pouvoit paroitre comme une étoile de la 4* grandeur, Ce 
Point grandit ſucceſſivement; et lorqu'il pouvoit etre juge comme une etoile de 
la .2* grandeur le bord du Soleil pariit par celui de la Lune. L'intervale qu'il] 
eut entre la 1** viſion de ce point et le commencement de Vemerfion fut d une 
minute et un quart, Cette apparition du Soleil avant le commencement de Vemet- 
ſion ne peut avoir eu lieu qu' a travers de quelque fente ou inẽgalitẽ qui ſe trouve 
Aur le limibe de la Lune, et qui eſt imperceptible lors du plenilune i cauſe des ſy 


gellechis qui ſe croiſent et confondent la ditte ouverture; au lieu que dans le 
teln 
4 
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eclipſe, the Moon's body being entirely obſcured, the 
tight of the Sun is behind, and comes through the ſmal- 


teſt openings in the diſk without any confuſion. 

The time elapſed between the firſt appearance of the 
Sun's body through the aperture of the limb of the 
Moon and the appearance of the limb of the Sun ont of 


that of the Moon will ſerve to determine the depth of 


the ſaid chink, aperture, or inequality, which is equal to 
the height of the eminencies which form it. 

The luminous point was towards the North-weſt part 
of the Moon's diſk, a little more to the North than the 
part of its limb through which that of the Sun appeared 


at the beginning of the emerſion; and it is remarkable, 
that no other luminous ſpeck was perceived in the diſk 
beſides this. This aperture is therefore the only one in 
that part of the diſk through which the emerſion was 

to 
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tems de Peclipſe le corps de la Lune ſe trouvant entierement obſcurci, la lumiere 
du Soleil ſe trouve par derriere et perce ſans confuſion par les plus petites ouver- 
tures du diſque de cet aſtre. 

Le tems qui ſ'eſt ẽcoulẽ depuis la premĩẽre apparition du corps du Soleil par 


lourerture du limbe de la Lune juſqu'a Papparition du limbe du Soleil par celui de 


la Lune ſervira à determiner la profondeur de la ditte fente, ouverture, ou inẽ- 
galitè qui eſt Egale à la hauteur des Eiminences qui la forment. 
Le dit point lumineux Etoit a la partie du Nord-Oueſt du diſque de la Lune, 


un peu plus au nord de Fendroit de fon limbe par ou fe fit voir celui du Soleil au 


commencement de l'emerſion; et il eſt à remarquer qu'on n'apergut pas d autre, 
Point lumineux dans le diſque de la Lune que celui là: ainſi cette ouverture eſt 
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to begin; from whence one may be certain, that through. 
out the fourth part of the: Moon's circumference, reach- Þ titi 
ing from North. to Weft, there is not any perceptible ¶ th: 
breaks in its limb beſides that which was then obſerved. Nen 
There can be no doubt but that the luminous ſpeck 
which appeared through the aperture was part of the 10 
_Sun's body; this is demonftrated, by the red fiery colour rer 
(the ſame as that which is ſeen when this luminary is ¶ the 
looked at through a ſmoaked. glaſs) by its gradual in- vat 
creaſe, in proportion as the limb of the Sun came near ter 
that of the Moon, and in ſhort by the colour, which at m: 
its emerging was juſt. the fame as that which. had been 
ſeen through the opening. m 
It remains to be mentioned, that on the 24th day I ve: 
of July, the day on which I made the above obſer- 
vation 
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unique dans la partie du diſque par ou deyoit commencer Pemerfion, et on pevt Bl par 
aſſurer que dans la quatrieme partie de la circonference de la Lune, il n'y a pu Bl cep: 
dans ſon Limbe, depuis le Nord juſqu'à Voueſt d'autres fentes perceptibles que WM juſq 
celle qui fut obſervee. Il n'y a point de doute que le point lumineux qui parut 
a travers l'ouverture ne fut le corps du Soleil; Cela eſt demontre par la cou- 


leur de feu tres rouge, la meme qui ſe voit quand on regarde cet Aſtre a travers Bl capi 
d'un verre obſcurci, par la gradation qui eut lieu dans ſon accroiſſement a meſure BY faire 
que le Limbe du Soleil aprochoit de celui de la Lune, et enfin, par la couleur du T 
Soleil, qui lors qu'il deborda fut la meme que celle qui ſ'ẽtoit vue à travers & I elles 
Fouverture. Pune 


Il me refte a dire que le 24* Juin, jour que je fis cette obſeryation I bord du 
V aifſeav 


8 
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vation on board the Eſpagne, the aforeſaid ſhip's la- 
titude was 37* 14” North, meaſured the. ſame day; 
that ſince noon it had ſailed direct Eaſt; that from the 
end of the eclipſe to its being in the meridian of Cape 
st. Vincent it had failed 301 ſea miles Eaſt, making 
100 ſea leagues,, reckoning. 20. leagues to a degree, . 
remains to be known the difference of meridians of 
the ſaid Cape and the meridian of the different obſer-- 
vatories of the capital cities of Europe, in order to de- 
termine the part of the ſea in which the obſervation was 
made relatively to the obſervatories. 

The ſolar ſpots were ſeen very diſtinctly both before 
and after the eclipſe; there were ſix of them in all: two 
very near each other on the Eaſtern part of the diſk; two 
towards the middle of the diſk, likewiſe very near one 

another; 
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Vaiſſeau l Eſpagne commandant l'eſcadre de la flotte de Vera Cruz, ce Vi ẽtoĩt 
par 37 degres 14 minutes de Latitude Septentrionale, obſervẽe le meme jour; que 
cepuis le Midy il avoit fait route a Veſt directement; que depuis la fin de PEclipſe | 
fulqu'a Etre nord ſud avec le Cap St. Vincent il a navigue à Feſt 301 milles . 
maritimes qui font 100 3 lieues maritimes de 20 au degre; refte à ſavoir la 
difference de Meridien * le dit Cap et les different Obſeryatoires des villes 
eapitales de I Europe, pour determiner Vendroit à la mer ou. rb fut 
faite relativ ement aux dits Obſeryatoires. 
Les taches du Soleil furent vues tres diſtinctement avant et apres PEclipſe; : 
5 etoĩent au nombre de ſix: deux à la partie de Veſt du diſque peu diſtantes 
Pune de P autre: deux vers le milieu du diſque auſſi aflez pres lune de autre: 
et 
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another; and two towards the North, verging toward: 
the North-weſt. | lur 

The corrected altitude of the center of the Sun above ¶ Su 
the horizon, taken at the moment the eclipſe ended, was {cr 


3631“. The atmoſphere was very clear; the wind 


WNW, and not very ſtrong. No clouds were viſible, as th 
is often the caſe at che ſea, nor were there any till near ¶ on 
fix, when there aroſe ſome juſt above the horizon. ve 

The luminous ring made fo ſtrong an impreſſion on di 


me, as well from the beauty and brightneſs of its colour 
as from its rapid and uniform circular motion that I could 
neither reckon the ſtars viſible in each interval from the 
total obſcurity to the end of the eclipſe, nor make ſeve- 
ral other obſervations on the colour and vivacity of their 


light. 


et deux enfin vers la partie du Nord un peu vers Nordoueſt. 

La hauteur corrigee du centre du Soleil ſur Phorizon, priſe au moment que 
PEclipſe finit etoit 36 degres 31 m. L'atmoſphere Etoit tris net et l'air de 
POueſt Nord-Oueſt de moyenne force; on ne voyoit aucun nuage comme cela 
arrive ſouvent en mer; ce ne fut que vers les fix heures qu'il Ven forma quelques 
uns ſur l' horizon. 

L'anneau lumineux me fit une impreſſion fi agreable tant par la beaute et 
Peclat de fa couleur que par ſon mouvement circulaire uniforme et rapide que je 
ne pus nt compter les etoiles viſibles dans chaque intervale depuis la totale 
obcurite juſqu'a la fin, ni faire d'autres obſervations ſur la couleur et la vivacité 
de leur lumiere ; Je m' attachaĩ uniquement a l' anneau et enſuite au point lumi- 

neux 


tight. All L attended to was, firſt, the ring, and then the 
luminous ſpeck which appeared through the diſk of the 
Sun. Theſe made the ſame impreſſion on all who ob- 
ſerved with me. 

lt is not eaſy to make celeſtial obſervations at ſea with 
the ſame preciſion and delicacy as they are made at land, 
on account of the motion of the ſhip, and. want of con- 
It would have been 


venience to uſe the inſtruments. 
difficult (even if we had had a Micrometer) to have 
meaſured either the breadth of the ring, in order 
to ſee if it was equal every where, or the diſtance 
between the luminous ſpeck ſeen on the diſk of the 
Moon and its limb. I regret, however, exceedingly not 


having been able to make obſervations which would 


have been of ſuch uſe in aſtronomy. 
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neux du Soleil au travers du diſque de la Lune. Ce raviſſement produifit le 
meme effet ſur ceux qui obſervoient avec moi. 

Il n'eft pas facile de faire en mer des Obſervations Celeſtes avec autant de prẽci- 
ſion et de delicateſſe qu'on les fait à terre, à cauſe du mouvement du vaiſſeau et 
de la gene a fe ſervir des inſtrumens. II auroit été difficile, quand meme on 
anroit EE pourvu d'un Migrometre, de meſurer la largeur de Fanneau pour 
examiner ſ'il Etoit.Egal partout, comme auſſi la diſtance du point lumineux vu 
fur le diſque de la Lune juſqu/a ſon limbe. J'ai bien du regret de n' avoir pu faire 
Qs obſeryations qui auroiĩent ẽtẽ d'un grand avantage pour la Phiſique des aſtres. 
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XII. Tentamen continens Theoriam Machine ſublicarum. 
Autore Thoma Bugge, A/ironomo Regio, AMiron. et 
Matbem. Prof. in Academia Havnienſi, e Soctetatibus 
Scient. Havnienſ. et Nidroſ. Communicated by Sir 8e 
John Pringle, Bart. F. R. . 
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- _—_N TER innumera commoda, quz ſocietati civili adfert * 
I Mechanica, haud minimum eft ars ſublicas adigendi, 
"ſeu, palos majores trabeſque oblongas terræ impingendi. ¶ a 
Artem hanc veteribus non fuiſſe ignotam ex pluribus Iſl ne 


VITRUVII locis poteſt probari. Etiam fi eeleberrimus hic I + 
.antiquitatis autor machinam non deſcribat, tamen extra 4, 
omne dubium poſita eſt veterum in hac arte peritia. Sine 
ea enim impoffible fuiſſet exſtruere pontes, molas, agge- i pr 
res, pyramides, columnas, ædificia, quorum molem, = 
majeſtatem, firmitatemque venerabundi admiramur et IU pe 
vix imitari audemus. Hæc omnia requirunt fortiffimas WW pr 
et ſolidiſſimas ſubſtructiones. Si loca ſint congeſtitia et ¶ co 
paluſtria, ſublicæ machinarum vi adiguntur, tunc inp0- pi 
nitur craticula; plures ſublice impinguntur, capitibus 
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prominentibus; earum intercapedines opplentur lapidi- 
bus majoribus, ſilicibus, arena majori foſſitia et mortario, 
quibus fundamentis demum ſuperſtruenda ſunt ædificia. 

Forma machinæ, qua veteres architectones ſublicas ade- 
gerunt, non ſatis conſtat. Recentiores varias ei dederunt 
compages et configurationes. Complures deſcripſerunt 
LEOPOLD, DES AGULIERS, et BELIDOR. Inter has eminet 
et palmam omnibus preripit ſublicarum machina vau- 
LOVE inventa, a DESAGULIERS deſcripta, ac in uſum per- 
ducta dum fundamenta pontis Weſtmonaſterienſis conji- 
cerentur. Præcipua ejus commoda ſunt, ut ad onus (quod 
uietem vocare licet) eleyandum minor requiratur homi- 
num numerus, ut aries ad majorem elevatus altitudi- 
nem libere decidat, utque arietem deciduum luſu ma- 
chin iterum arripiat forceps, et mox elevet; quibus ma- 


chinamentis breviſſimo temporis ſpatio et pauciſſimis 


operariis maximus ſublicarum numerus ad maximam 
profunditatem adigi poſſunt, 

Theoriam effectus hujus machine quidem dedit BELI- 
DOR, Sed, quantum video, eam ſuperſtruxit fundamenta 
prorſus erroneo et parum ſolido; eam deducit ex regulis 
colliſionis corporum, conſiderando ſublicam terre im- 
pingendam et onus deciduum tanquam corpora colliſa. 
Quis autem non vidit regulas collifionis ſupponere mo- 
tam liberum, et medium non reſiſtens? Nullo ergo jure 
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in dato caſu, ubi ſublicæ ſoli reſiſtentia valde magna op- 
ponitur, appli icari poteſt. Tentabimus aliam explicare 
hujus machinæ theoriam. 

Res eo redit, ut onus ingens ex certa altitudine cadens 
percutiat ſublicarum capita annulo ferreo cincta; conſi- 
derabimus duas machinas; vocabimus onera cadentia = 
o et o; altitudines, e quibus decidunt = A et a; ſublica- 
rum adigendarum maſſas = M et n; ſuperficies earum, 
quoad terre impactæ ſunt s et ; et profunditates ſubli- 
carum in ſolo = et p. Percuffio oneris cadentis inſtar 
virium vivarum eſt æſtimanda per productum ex maſſa 
oneris in quadratum celeritatis; hoc autem quadratum 
proportionale eſt altitudini, ex qua cadit onus; proinde 
percufſio æſtimari poteſt per factum ex maſſa oneris im- 
pingentis in altitudinem computatam a ſupremo puncto 
ad caput ſublicæ. Sed effectus ſunt uti vires cauſarum 
ſuarum plenz. Ergo, fi reſiſtentiam ſoli et maſſas ſubli- 
carum utrobique æquales ſtatuamus, profunditates, ad 
quas ſingulis * adiguntur ſublicæ, erunt in 
ratione compoſita & rationibus directis onerum et altitu- 
dinum; ſeu 


P: P SANO: Ax O. 
Si ſumamus cohrentiam ſoli æqualem et homogeneam, 
reſiſtentia, quam, dum ſubſident, vincere debent ſublicz, 
creſcit in ratione ſuperficierum ſolo impactarum. 8 
Jam 


001 
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jam ſtatuamus onera cadentia æqualia o =0; ; altitudines 
quoque æquales Aa; patet effectus percuſſionum et 
hinc profunditates decreſcere prout creſcunt tam ſuper- 
ficies adactæ quam fublicarum pondera vel maſſe. 
Hinc ſub data hypotheſi, erunt profunditates in ratione 
compoſita e rationibus inverſis ſuperficierum et maſ- 
rum, ſeu 


P:P=$SxM n= REE 


J jam omnia ſunt inæqualia, nempe onera cadentia, alti- 
tudines, maſſæ ſublicarum, et earum ſuperficies in terra 
condite; dico profunditates, ſingulo iftu acquiſitas, 
eſſe in ratione compoſita e rationibus directis onerum 
cadentium et altitudinum, et e rationibus inverſis ſuper- 
ficierum et maſſarum. Conciĩpiamus tertiam ſublicam, 
cujus maſſa = M, ſuperficies , adlacta = s; onus impin- 
gens = o; altitudo, e qua cadit onus = a; dicatur profun- 
ditas hujus ſublice ex data percurſione proveniens x. 
Tunc erit per antea demonſtrata WT 


— T . 
hae 7 * 


NP = &4XO0: Ax 0. 
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Hxc theoremata inſerviunt diverſis ſublicarum machinis 
comparandis, praxique exercendæ. Ad determinandum 
R 2 ſumtus 


Ergo p: 2 


124 Tentamen continent Meoriam 
ſumtus operis exſtruendi maxima ſunt dini; _ ſu- E. 
perſtruimus b rd n * e 


« do 43 


K 1 
- : 4144955 . 


Calculo definire profunditatem ad quam Angus Tu 2 00 
dei 3 date machine 1 adatte. 
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Cum in hoc caſa tam onus- cadens quam maſſa pali 
impingendi conſtans fit et æqualis; erit o o, et M=, 
Hinc explicata en kundamentalis in N ſequentem 
abit. e 8 
b 2 . Mig id m 
Porro ſuperficies ſubticarum terræ impactarum ſunt 
rectangula eandem baſin fed diverſam altitudinem þ et 
Pp habentia (? hic ſignificat profunditatem totalem). 
Quapropter 5: s =P: P', id quod ſimpliciorem et comimo- 
diorem aint wry (onry : 


227 3 
Poſt percurſiones 3 factas, adeo ut firmiter terre 
inhæreat ſublica, fiat denique novus ictus, quem pro 
primo numeramus, tum cadat onus ex altitudine = a et 
ſubſideat ſublica profunditate =p. Fiat tum ſecundus 
ictus, tunc ſubſidebit palus profunditate = x. Onus cadet 
per altitudinem A an, et ſublicæ profunditas totalis 
erit = Þ=P+x, Facta jam dehita ſubſtitutione habemus. 


182 tf. 
* * 5 PTR 


EX 


Ex qua analogia originem ducit ſequens æquatio. 
pe =þ* + £ 


cognitæ 


VP 2 P. 


ſubſidebit =.x; erit: 


my FR 
83 
7 = == 
3 3 2 1. 
et 6.7 tho 2 po quam proxime. i 


funditas ſublice 41 3+2=9 pol. Profunditas quarto 
tu acquiſita = x; tunc erit, 
4 * 
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Que zquatio quadratica, fi reſolvatur, dabit valorem in- 


Applicemus calculum ad datum exemplum. Sit alti- 
tudo, e qua decidit onus percutiens a= 3 ped = 36 pol. 
Profunditas ad quam primo ictu ſubſidet ſublica =p = + 
4 pol. dicatur jam profunditas ad quam ſecundo ictu 


Secunda ictu ſublica ſubſidet numero rotundo 3 pol. In 
tertio ĩctu erit altitudo, quam percurrit onus impin- 
gens = 36+ 4+ 3=43 pol. Profunditas ſublice = 4 + 3=7 - 
pol. Denique profunditas tertio ictu acquiſita *; tunc, . 


n quarto ictu eſt altitudo 36447371245 pol. et pro- 
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36. 45 1 
4 _9+* — 
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* 2 * 1 pol. quam proxime. 51 

Idem problema ſili ſolvendum ſumſit b. BELIDOR. Sup- 

ponit ſublicam primo ictu ſubſidere x 5 pol. Tunc juxta ¶ De 

ejus calculos ſecundo ictu ſubſidebit 17; tertio 19; 

quarto 21; quinto 23. Quis autem non vidit hanc pro- 

greſſionem cum theoria et experientia pugnare? Pro. 

funditas enim fin gulo ictu acquiſita continuo decreſcit, et 

tandem ſublica repetitis ictibus non amplius ſubſidet. 

1d quod evenit, quando coh zrentia ſoli et frictio major 

2 eſt vi a pe one oriunda. Eo in caſu ſublica pro- 

fktundius adigi non poteſt niſi augeantur vel onus percu- 
tiens vel altitudo, e qua cadit, 

In actis Academiz Stockholmienſis mechanicus qui- 

dam haud incelebris ſtatuit ſublicam ponderibus onera- 

tam in hoc caſu ulterius et profundius in terram adigi 

poſſe. Verum fi ſublica ita oneratur, idem eſt ac fi ſub- 

lice maſſa major eſſet, quod non auget ſed impedit ef- 

/ fectum percufſionis. Ad adigendam ſublicam pondus 

impoſitum agit ſola preſſione, que pro inſenſibili eſt ha- 

benda reſpectu reſiſtentiæ et frictionis. Si vero onus im- 

pingens augeatur, certiſſime quoque augebitur percuffio. 


Ouam rem theoria et experientia confirmant; notum 
| enim 
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enim eſt ex experimentis p. caMus malleum 1 2 libra- 
um ambabus manibus elevatum et proinde ex altitudine 
z pedum cadentem eundem effectum reddere ac ſimplex 
Go 1000 librarum. 


Determinare maximam praſunditatem, ad quam Jublica 
data machina datd adigi pote}t. 


Sit altitudo, quam onus percurrit in primo ictu = a; 
profunditas per primum ictum acquiſita =p; poſt factas 
complures percuſſiones ſublica fubſidet quantitate admo- 
dum parva= m2; et tum operz pretium non eſt plures 
dare percuſſiones. Profunditas totalis antea acquiſita = x ; 
et altitado, quam onus aero deſcribit Sax. Hinc, 


pm — -4 
Ex reſolutione hujus 83 invenitur, 
" | 
8 an— * 
dit þ=4 * As pol.; a=36 pol.; invenitur maxima 
6 * 16 
pofunditas x == = — $76: === 46,6 pol. Hæc 
wantitas negativa eſſe debet, cum oppoſita ſit altitudini, 
luz inſtar poſitive eſt aſſumpta. 


Corodinis loco ſequentes practicas obſervationes ad- 
ungimus. 1, Pondus oneris impingentis ut plurimum 
800 libr. Vis hominis onus continuo labore ele- 
7 | vantis 
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| funditas enim fingulo ictu acquiſita continuo decreſcit, et 
tandem ſublica repetitis ictibus non amplius ſubſidet. 
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Idem problema fihi ſolvendum ſumſit D. BELIDOR. Sup- 
ponit-ſublicam primo ictu ſubſidere 15 pol. Tunc juxta 
ejus calculos ſecundo ictu ſubſidebit 17 tertio 195 


quarto 21; quinto 23. Quis autem non vidit hanc pro- 


greffionem cum. theoria et experientia pu gnare ? 2 Pro. 


Id quod evenit, quando cohærentia ſoli et frictio major 
4 .yL a A 
fundius adigi/ x non poteſt nif augeantur 1 vel onus s percu- 
tiens vel altitudo, e qua cadit. 

In actis Academiæ Stockholmien fis mechanicus qui- 
dam haud incelebris ſtatuit ſublicam ponderibus onera- 
tam in hoc caſu ulterius et profundius i in terram adigi 


poſſe. verum ſi ſublica ita oneratur, idem eſt ac ſi ſub- 


licæ maſſa major eſſet, quod non auget Fd impedit ef- 


fectum percuffionis. Ad adigendam ſublicam pondus 


impoſitum agit ſola preſſione, quæ pro inſenſibili eſt ha- 
benda reſpectu reſiſtentiæ et frictionis. Si vero onus im- 


pingens augeatur, certiſſime quoque augebitur percufſio. 
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Quam rem theoria et experientia confirmant; notum 
enim 
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* eſt ex experimentis D. CANUS malleum 1 2 libra- 
-um ambabus manibus elevatum et proinde ex altitudine 
; pedum cadentera eundem effectum reddere ac ſimplex 
reſo 1000 librarum. 


* 


Determinare maximam a ad quan | ſublica 
data machine data adigi poteht. 


Sit altitudo, quam onus percurrit in primo ictu a; 
profunditas per primum ĩctum acquiſita =; poſt factas 
complures percuſſiones ſublica fi ubſidet quantitate admo- 
dum parva = mn; et tum operæ pretium non eſt phares 
tire percuſſiones. Profunditas totalis antea acquiſita = x; 
et altitudo, quam onus percutiens deſcribit za cx. Hinc, 
Ex reſolutione l. =quationis invenitur, 


i 


e —5 24=— 46,6 pol. Hæc 


dur inſtar poſitivee eſt aſſumpta. 
Corodinis loco ſequentes practicas obſervationes * 
Jngimus. 1. Pondus oneris impingentis ut plurimum 
it 800 libr. Vis hominis onus continuo labore ele- 
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vantis circiter 40 lib. æſtimanda eſt; - Hinc in machinz 
ſimplici 20 hominey onus elevare valent. I&tibus autem 


. ³˙¹wͥʃ et A ð 1+ 
» —_—__ 49 JO * 8 


25 vel 30 datis, ut per æquale temporis ſpatium requi- a 
eſcant neceſſe eſt. 2. Ad percuſſiones 30 dandas et re. 
2 | quiem capiendam 4 minuta prima requiruntur, adeo | 
1 ut per integrin ioram 4 5 o ictibus fublicam percu- 
4 tere liceat. 


3. Virium impedimentuni eſt, ſi diameter 
trachlem ny cui funis onus elevans circumyol- 
vitur ſ juſto minor. 4. Si onus impingens ope ma- 
nuum et non mediante axi in peritrochio eſt elevandum, 
altitudo, quam percurrit onus, non ſuperare poteſt; 
pedes quos ſolummodo emetiri poſſunt homines brachio- 
rum liberè motu. 5g. Ouando plures adigendæ fant fub- 
| licæ, prodeſt opus incipere a medio, et ad extremi- 
1 rates procedere, fi enim. contratio modo rem aggrefſus 
| fueris, ſublicæ intermedia adi gl non poſſunt ſine opere 
et temporis diſpendio propter fol compactionem. 6. 

Antequam « opus incipiatur, terra eſt examinanda et fub- 
Hea probatoria adigenda, ut exactam de ſoli qualitate 


il Suſque ſtratis habeas cognitionem. 7. ths præeſuppoſ- 
; | tis, æſtimari poſſunt ſumtus ad ſerzem fablicarum adi- 
| | gendam neceffarii. Ad machinam transferendam et fit- 
gulas ſublicas perpendiculariter erigendas requirunturts 


6 minum prima. Ex ictibus probatoriis jnxta-precedentis 
ul 4 (4; 6 | : pro- 
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—: calculari polſant numerus | gy per 
ſingula ftrata et hinc tempus totum requifitum. Tandem 
ex longitudine operis, ex pretio et numero ſublicarum 
mph tip eee ve Kppendere. or- 
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XII. Actonnt. of an Iconantidiptic 'PTHeſeope, invented h 
Mr. Jeaurat, of the Academy of Sciences of Paris. Com 
municated by John Hyacinth de Magellans, F. R. S. 


| Read January 19, 1778. 


R. JEAURAT, of the Royal Academy of Sciences of 
Paris, having diſcovered a conſtruction of the Ico- 
nantidiptic Teleſcope, thought proper to communicate to 


+5 47 7 


of London a ſhort deſcription of this 


g be 


: 7 
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new invention. 1 

This Teleſcope is called the lconantidiptic Heliometer, 
becauſe it produces two images of the objects, the one in 
a direct poſition, and the other reverſed. Theſe two 


Conſtruction d une lunette Ionantidyptique inventte par Mr. Jew 
rat, de . Academie Royale des Sciences de Paris. 


JEAURAT, de FAcademie Royale de Paris, ayant imagine u 
* conftruQtion de lunerte Iconantidyptique, eroit devoir communiquer an 
Societẽ Royale de Londres expoſition ſuccinte de cette nouvelle invention. 

: La lunette eft appellce Heliometre Iconantidyptique parce qu elle rex 
deux images des objets, Pune dans yae ſituation droite et Fautre dang un 


em eee 


* 9 —_ 
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images, of E to each es 
of the ſame ſize, and produce. the eh ar fhewing tha 
ſtars as entering at once both on gig xight and left ſides 
of the Teleſcope. The firſt coincirlgicet of the two images 
on the ſide of each other gives pg of the firſt 
limb; the exact coincidence of b 
mother gives the paſſage of che ce ter 'of the ſtar; and 
the laſt coinciderice of the two images at the ſide of each 
other gives the paſſage of the ſecond edge: from whence 
it follows, that we not only obſerve as uſual. the Page 
o the two ſides of the diſk of a ftar, but alto the dire 
paſſage of the center of the ſtar: an obſervation Which 
could not before be made i in a direct manner. Beſides, it 
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of Muminating the n of the Teleſcope in obſerving 
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tion reaverſce. oe images de the oppoſes Fune à I'anre ena , 
ment de la meme graudeur et produifent Veffet de voi tout à la fois entrer les 
tres par la droite et par la gauche doe la hunette. La premiere coincidence des 
deux images à cote Pune de autre donne le paſſage du premier bord, la co- 
neidenee exacte des deux images une for Pautre donne le paſſage du centre de 
Paftre, et la derniere coincidence des deux images Pune à cots de Fautre donne le 
paſſage du ſecond bord, d où il ſuit que non ſculement on obſerve comme 2 Fordi- 
mire le paſſage des deux bord du diſque & un aſtre, mais auſſi le paſſage direct du 
entre de b aſtre: obſervation qui n'a juſq à preſent pil ſe faire dune manĩere directe. 
Pailleurs on remarquera que cette invention ſappler ala difficuſtẽ d' ẽclairer les fils 
en lunette lor ſqu il eft queſtion d'obſerver de tres petites etoiles, car avec cette 
= | conſtruction 


may obſerved, that this invention obviates the difficulty e. be 
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8 or in this conftruBion thee is no oc. 
ion to ſee the threads. 

hel following is e of this Iconanti- 
dimtic/Ceteſtope, which I have already made uſe of, and 
which appears to be proper for obſervations made in the 
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Pour que. bo din a e aux. cules]. onvient * 

ADS A, aba. 

denen fea tog for de llenll . THY 7 

„ foyer de le lente, 
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Hence 


BD=8C+cD=x+y. . 8 
The two values of BD evidently give, 1ſt, b 2. 
That the image 3, given by the lens a, be ſeen at the 
diſtance nc: and that the direction of the ray BHD may 
form a relative focus i in p, whoſe diſtance may be equi- 
valent to an, it ĩs neceſſary that. ann SDA a⁰ Ac mamely, 
zdly, Hekx. F 5 

That the object 5, ſeen i in the di rection BH, may form. 
x focus in br it is necelfiry that the focal diſtance of the 


3 o foyer de la lentille e- U ren 
' D = | 
[ =BC+cD=#xz+3p. - — LESS. 


Les deux valeurs de zn donnent evidement, 1% x+3=2(r—f).. - . -. -- 

Pour que l'image B, done par la lentille a, ſoit vue à ls diffance ne: et 
pour que la direction du raion BHD forme un foyer relatif en p, dont le: 
foyer equivalent ſoit Ap; il faut (voyez Poptique de 8M1TH de la Traduction de 
Abbe rxocaon, p. 278. art. 245.) dis- je que d 2˙% 


H=rx. 
Pour que robjet 2 vd nnn forms wa foyer eB, fx doe 
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_— - From theſef 4 4 y=2xv— Joh we hey 61 incon- 
4 three conditi-] 2» fy=px, teſtably find what il ** 
ONS, vix. 3* 20xr-/=ay, J follows: t: 


ace K me diſt. from the focus ; to the lens cn, 


4 — the diſt. of the relative focus p, with re- 
PH / e eee ee 


= 5 7-7 the focal diftance of the lens c. 


4 3 This ſolution juſt found is general; but to adapt i it to 
4 a en caſe, which may be proper for practice, l 
1 ſhall inveſtigate what relation ought to take place be- 


tween the diſtances x and F when ? is =f. This ſuppo- 
ſition Il © 
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le foyer de la lentille c (avoir le foyer p) ait cette endes dero X CD 
ſavoir, P, 20(r - . 3 
Avec ces trois con- þ „ on 
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ditions, ſavoir, oh 7 1 9 ment ee qui ſuit, 
| Hin. 


e giftanee du foyer n à la lentille en. 
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55 z N le ſoyer relatif D, à I'Egard des deux lentilles a et e. 
7 - —_ foyer de la lentille c. 


Cette ſoturion quꝰon vient de trouver eſt generale, Mais afin adopter us 


oa particulier, qui foit commode a pratiquer, je vais chercher les rapports, que 
doivent 
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— 4 extract ths, pl Pity ſought, ces, 
r=\/5+2xf; or this, which comes to the ſame thing, 
EH Her. Sr 


SS 5+ 80000 Therefore for erg ＋ * relation of 
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ſuppofition donne = LED =f Hold Pon tire facilement et inconteſta- 

ment le rapport cherch6 que voici r) 2 

meme que le precedent f=(+/5—2)r. 

Mais JS 2=4,236r- 28 pour 2. Ns. 570 rapport des 
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The Application of the "reveral | Formula 15 the particu Th 
ed e theequal lenſes n . 

Let r een ee of n = = | 


{ av=f=0,2361 x, the focal diſt. of the lenſes a and © 
ai=F= f=90,76397, the diſt. deer thels Jenſty, . 
AB=r—2/=0,5258 2, diſtance, ' g 


BD=2xF—f=1,5278 r, diſtance, | 
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F = o, 2361 F, 
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Seit 4 b. foyer de la lentille 4 oP 
an F, 2361 r, foyer des lentilles a and c. 
| 1443 {+108 aaf - g, 3639 r, denen en lentlles, 
"A | a; AB=r—2f=0,52758 7, diſtance, 
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b foyers f=0,2301 F, yy 25 ty 
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he numerical application of the particular caſe of the 
equal lenſes a and e. Whos» ad] aries; 2 


0467750 te c 4 4 „ G 0 Fe "Im. 

Let AD=F=T728 lines, 3 12 0 

$i 43, 23617408 n 

Then we ago, 3278912 lines, 1 0 4 
ſhall have aA o, 76391 13 20 lines, 2 
| Uon=an+np=1,76397 = 3048 lines, 21 2 

It is from this particular caſe, in which pg and 
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" ftp ec by Dr. orte, Whom | 
rind and talents 1 have 


— Ind 
I'S 1922 > 
reconnmennded to your avour, that) you, a8 well as Abbe 
rox T ANA and Dr. iN 


[GENHOUS2, Were Tür prized to hear 
from M. 'FEBRONL, the Tecpel of the Duke of Tuſcany's 
Muſeum, | hat I had diſcovered the t. true organical reaſon 
for which the Orang Outang, and ſeveral other : * and 
monkies, are unable t to ek; 1 take the liberty of ad- 
deſſing to y you this anatomical effay upon the ae of 
ſpeech of the Orang Outang and other monkies, in 
bopes y you Will judge it it worthy to be read to the Royal 
ociety; in whoſe moſt valuable Tranſactions I ſhould be 
ery proud to ſee theſe Gbler bations; the rather, as it is 
he firſt eflay I have offered to that 4 12 body. | 
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1 mans "Profeſſor CAMPER” L be 22 i; a 

J L 1 It is this diſcovery (of which I have Td, « given 2 

hint at the end of my Obſervations on the Rein-Deer) 

which Profeſſor ALLaMAND has inſerted amongſt his ad- 
ditions to the XVth volume of the Count DE. BUFFoN' 

Nat. Hiſt. printed at Amſterdam 1771, for s. K. SCHNE1- 

DER, p. 55, 56. Profeſſur ALLAMAND has moreover added, 

in the ſame volume, p. 76: M. is Prof. CAMPER à ob- 

ſerve les organes de la voi de FOrang; il Feft convaincu 

il Etoit impoſſible, qu'il format des tons IE Gur 

les hommes en peuvent former, cc. 

It is aſſerted by a great many n that though 
the Orang Outang does not. ſpeak, he would be able to 
articulate if he choſe it. Several Naturaliſts ſeem to leave 
this queſtion undetermined, from not having bad the 

opportunity of diſſecting this very uncommon animal; y 

others again overlook i it, being deeply engaged i in the re- 

ſearches of other parts. ks 
My principal ſtudy in this eſſay will be to prove the 
abſolute ago thy there is for the. Orang and other 
monkies to ſpeak. 
$ 1. Being, Profeſſor of Natural Philoſophy, Ana- 
tomy, Surgery, and Phyfic, in the Univerſity of Frane- 

Ker in Frieſland, 1 ſoon perceived the im poſſibility of 

eee the moſt L and valuable. works of 
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[vithout amg monkies, to compare his exact deſcrip- 
tions with. I got for that purpoſe, in the year 178 4 
Cynocephaius, and was charmed 10 find the exactneſs of 
moſt all ALAN s deſcriptions. The organ of ſpeech 
puzzled me, nevertheleſs, very much, and I was not able 
to explain his obſervations, ſo as to ſatisfy myſelf in this 
animal: I was obliged, therefore, for want of other 
apes, to delay my reſearches to another opportunity, 
which, however, I did not meet with till I came to Am- 
ſterdam, where 1 ſettled in the year 27888. 

1 diſcovered, at the beginning of 1757 in another 
Cynocephalus, that the baſis of the os byoides was very 
large and. hollow and that a mernbranous bag, lying 
under the latiſimi colli (Which touch one another in the 
middle of the neck in theſe animals) went up into this 
bony cavity, having a communication with the inſide of 
the larynx by a hole at the root of the chiglattit. ue 

The ſtructure of theſe and the Oratig ebene 


drawings for the anatomy of the Orang. I intend to 
publiſh them with that of the Rhinoceros with the dou- 
ble horn, and the Rein- Deer! 201-0 d bs; 


In the Cynocephalus I found Ge voice 
pretty much like that of dogs, except the pouch d, u, o, i, 
th 4. Examining the root of the eiglottis I found a 

hole 
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underſtood by the four figures engraved after my own. 


. 
| 
j 
i 
[ 


N N n * 2 ' 4 R * 
ee en | 9 „ * 
4 * * WW C K . T4, "_ WS. > a A a 
* * 9 * 3 >. 4 

5 L . * f - 
7 | : : * > * 
_ T7 e the gen, +a 

bo 
. 1.1 — 

1 - 
4 hole 5, þ fig. 3. being the reaborifice of the bag dh 1, o, % 


1 figs a3: iy drm ogg 160) 10 og 1 H im; 

4 As all this lies above thera gor tidis i, ſig. or i 

4 fg 4. 1 concluded, that-the; voice, having pafſed the I 

4 glottis, entered this membranous: bag, d, u, o, i, by ſep 
which the neck ſwelled, and out of which the air was un 


forced by the contraction uf 1e aii olli. had otten 
obſervei this ſwelling in ſome living apes, but now 
four out the reaſon of it, and ws perſuaded of the in- 
capacity of this auimal 40 modulite his voice ſu as to ar- 

ticulate words. v1 10 | uiid l 18 915 109th 
1 chen conſidered this remarkable paſſage of GLENN. 
de Uſu, Part. Ed. Charter. tom. IV. Hb. cap. XI. p. 
461. Foramen in wutraquue lingnle (epigiottidlis) parte 
unum effecit nuturu, et foramini'ip/i parte interna veniri 
culum ſuppoſuit non paroum. In quem quum aer via 
nactus amplas in animal ingreditur, runſuſque exit, nilil 
in ventrem depeſitur; and what hey p. 466. further 
obſerves, Muram potiut, quam foramen gfe. ' 
When I compared this with the organ in the Cyno- 
cephali, fig. 3; 4. 1 was at a loſs huw to explain GALEN. 
for I could by no means apply-thoſe vewrricals, by which 
he ſeemed: to have underſteod large capacities, to the 
ſmall holes 4, i, , fig. 4: above the rima glottidis i, B 
vhich, though much larger in the Cynocephali than in 
[- in | men, 


9 


ras Bl r 15 K 1 "yy * * 
bs « * x; I. be * "IT 
1. 


IA - | * by 


I E 2 8 Outing | 143. Ws. 
men, could:not be applicdhto.this very; particular defini», | 
gon of no ſmall bags, ven men han . 
In November 2 5$:hdiflated another monke pin 
ich the membranous bag, ch u o, was: much larger, 5 
bas to occhi a eſt the» whole -fore-part of the, heck, 1 
under the Haber coll. tir bot zrfrodbs H, 
In the Abella (the 2gth; ſpecies of nix N æ us, Syſt. Nat. 
ed. XII. P. 4 2+ OF Jamia caudaia imberbis, cauda / ubpre- 
al, nor any opening at the root of the cht, which 
was entirely ſimilar to that of dogs. I cannot forbear to 
mention, chat in this monkey che means, or the procęſſus 
ſerilonæi, were cloſed: as in men. This 1 diſſected in the 
year 1768, When E was: Imelda in the iet * 
. ̃ U 
Herd l — year -(lloving of 
ufſecing cw papiones or. pbinges of LINNEUS, im. 
emi caudatæ ore vibriſſauo unguibus acuminatis, ſpec. 6. 
p. 35. a male and: a female; in which the epiglottit was 
[ikewiſe perforated, the 05 byoides as in the former, but 
the pouch very ſmalb in. — 5 he, apes, who 
were very large. bn ligt note hon of; 


- As —— oc oppaennad in a axead many. mon- 
hes, and likewiſe in the age or Pitbeco I was very much. 
furprized Eusrachlus . did not diſcoyer them, eſpecially 
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—— given ſeveral figures of this organ. I Was no 


but the Pi/hecos or ape without a tail and ag the cele- 


one from the Eaſt Indies. For this purpoſe I offered a 


pany of Arnſterdam and Repreſentative of his Moaſt Serene 
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leſs ſurprized that at.Binus and MARTINS did not find 
this bag; and I wondered likewiſe very much, how Mr. 
daun ron, who has had the greateſt opportunity of 
any anatomiſt, oould paſs over ſo ftriking a conſtruction 
its organ. I do not mention RIoLAN Vs, rALLop ius, 
oowren; SYUVIUS; BLas ius, and ſome others, becauſe 
they had fixed their attention upon quite different parts, 

FS. 2. As GLE hot only diſtected the Chi, or the Cy- 
nocephalus, who are al of the tailed or caudati kind,” 


brated Dr. TTse had found the organ of voice fo ſi- 
milar to that of men in his Pigmy, I endeavoured to get 


good fur of froney to my correſpondents to have a well 
preſerved Orang Outarrg, becauſe none were to be met 
with in any collection of Natural Hiſtory in Holland. 

I ſoort got a female oe im the year T7 by the 
kindhefs and generoſity e Dr. /Horrman; phyſician at 
Batavia, formerly my pupil; and the year 177 1 another, 
by favour of Mr. hop, Director of the Eaft India Com- 


3393 the ſarne Company, 
0 | | . who 
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"each N tbe — Og 
Showa Web — +..ctid but a 
male one for my uſe; but this laft was unluckily loſt; 
with 6 eder ee 1 
Hope. 

— the sss years were very favourable 
to Naturaliſts; for-Profeffor ''aLLaManD got a male 
Orang for the Muſeum of the Univerſity of Leyden; Mr 


433*& TE! bs : 


(who: has one of the fineſt collections at Amſterdam) re- 
ceived one, and Mr. vos uaxx got two for the celebrated 
collection of the Prince of Orange, all females. In the 
year 1777, Dr. VAN HOEY (a phyſician of great celebrity 
at the Hague; who has a very rich collection of natural 
curioſities) got a male (but a very young) Orang. Upon 
the whole, I had an opportunity of ſeeing ſeven Orangs, 
beſides the living one, which was ent ad his e 
the Prince of Orange. 
All theſe reſembled n in 6 wy — that 
of Mr. 3 which is ſtill preſerved in the Britiſh 
Muſeum. 
Seven of thoſe, eiten hadne aide pen the great 
toes of the feet: it ſurprized me, therefore, to ſee them 
ſo diſtinctly repreſented by Profeſſor ALLAMAND. I took 
the liberty to inform him of it; he corrected his de- 
ſcription accordin gly, P. 75. ib. in ne, which was eaſily 
Vo L. LXIX. + done, 
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VANDER MEULEN; a great admirer of natural hiſtory 
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_—_ n "Profeſſor Sur ü on the Gg of 
done, as the Theets were not worked off at the preſs. 
wrote likewiſe to Dr. xOOTST IA, phyſician to the London 
Infirmary, to inquire abott the Orang in the Britiſh Mu · 
ſeum. The late Dr. MATH examined, at my requeſt; te 
Orang with him; and both declared, that not a ſingle 
mark of a nail was to be found upon the large toes of 
that ſpecimen, though Mr. wanna had repreſented 
thera on his 2 1 3th table ſo very large. Theſe two in- 
ſtances ſhew us, how little — —ñfů—ů—— 
if not drawn with great exactneſs. 

The want of theſe mall andes the ſecond phate 
the large toes, is beyond any doubt a very remarkable 
character in this animal. Nature, however, feems to be 
inconſtant ſometimes; for, upom the great toe of the right 
foot of he Orang in Dr. van Homnr's collection, there was 
a little naib and two ꝓhalanges. Ihe ſimgular red, long 
hair, and the ſhortneſs of the neck, form another very 
peculiar property; for in the living, as well as in all 'the 
reſt, I have obſerved the ſhoulders to riſec up tothe ears; 
the lower and upper jaws were much projected forwards, 
as'TI1ſhallſhew in the anatomical deſcription uf the Orang. 
The country they all came from was Borneo, from which 
iſland they are firſt ſent over to 3 —— 
by n mann. E L * I. 
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came: — Angola, and had both black hair, and large 
nails upon the great toes. IL on the figures of theſe 
great men are very deficient in many reſpects; but, upon 
the whole, the. anirgals/are ; repreſented and deſcribed 
very ſtrong and muſcular; w all. the Orangs 
from Bornea, I have — contrary, and had 
lng and very lean arms and legs. 
To conclude, it ſeems very — * Africa ** 
niſhes a peculiar ſort of apes which are not the Pithecos of 
the ancients, though theſe are not uncommon in Angola. 

The organs of voice of the Angoleſe Orang, diſſected 
by TYSON; are very different from thoſe of the Pithecos 
which I diſſected 17 7. This ane had the os byoides like 


3 in fig. 3. and 4. and therefore different from GALEN'$ 
deſcription, and from TY80N'S, Whe makes NO, mention 
zt all of the one, nor of the two bags Which GALEN de- 
ſcribes, and vhich I found in the real Orang of Borneo; 
not only in one ſpecimen, but in five, which 1 * 
diſſected fon that purpaſe. of bagoowyg worn ind Tie 8 

To retum to GAL]N; I ann very p do bib cht he 
difſected an Afiatic Orang, from whom he took his de- 
ſcription ot᷑ the ventrides a latene lige, at the des of 


the apigibttis; at leaſt that he difſected ſuch an prgan, for 
U 2 the 


all the paprones or /phinges, & d. the epig/aitis perforated 
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the bones of the carpus do- not entirely agree with his 


nt of apes, monkies, and dogs, with GALEN's ofteolopical 
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deſcription, though he ſeems to have been very exact 
and nice in his diſſections. And indeed I wondered 25 
often as 1 coinpared the ſtructure of the carpus and 7ar- 


performances upon this ſubject: for though he deſcribes 
dut eight bones in the carp, he mentions the ninth, 
which 1 have met with in all menkies, apes, and dogs, 
and likewiſe in the Orang. The tenth is not eaſily ſeen, 
it being very much attached to the os nuuiculare. ' Theſe 
bones 1 fhalf give the — of in the anatomical 
deſcription of the Orang. 
In the Angoleſe Orang, Dr. TYson met eee vers 
micular proceſs of the inte. caecum, which I found very 
conſiderable in the Aſiatir; but of which @aLeN appears 
not to have had the leaſt notion. Mr. D'AuBZN TON has 
given the defcription and. figure of the ſame little gut in 
the Gibbon, a ſpecies approaching to that of the Orang, 
and likewiſe an 3 of 1 but alſo unknown 
to GALEN. | 
$3.1 — GaLIN 
and deſcribe i it as it appeared in the firſt Orang i diffected 
in October 1770. And for the clearer underſtanding 
ſhall add ſome figures to it; 9 fore- partz 
1 DOT | ſecondly, 
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condly, of the larynx from the inſide of the dene, 
and, laſtly, of the inſide of the larynx itſelf. 

Fig: 2. 8,0; 2; repreſents the or ſyriderʒ en 

the left cornu; x, o, the little graniſorm bones. 

2, T, u, the:/byroid cartilage; v the aſpern arieria. 

x the right ventricle cut open; RS the left. 

r — leading into. che bag. The ventricles 
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——— meatus, paſſimg over the brim. of the [of * 
thyroid cartitage, under the as &yoidet, towards the inſide, i 
where they form:the-fiffures/a;;6,/and a, i fig . 5. I diſ- | 
bed this in the Anatomical Theatre enn 1 
it Groningen in publi gc. | 
In a ſecond, which Mr. e the FRPGE of the | 3 4 
prince of Orange's cabinet, was ſo kind as to grant ma ; i 
for diſſestion, E found: both theſe ventricles the ſame ina -| 
very reſpect .d — were of LE 


equal ſize; - wok Saf w.:ond 20:2 117 #449 * 7 
— difleRted-2t-the. Houſe: of Dn 
YAN Hor at the Hague, the 31ſt of Auguſt, 1777, 
the two ventricles were ſmaller but of equal ſize ors 
doth ſides. The animal) was very young. The doctar 
S Ha dere 

In a fourth, which 1 preſerve intire in my colleftion 
but whoſe organ of voice I examined the 3othiof Noe 

f . vember 


i 
* p 
F ft x 7 
o 2 
® 
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5 2 22 N N 
vember laft, I found both the ventricles unmed ſo 2510 
form but one —2—ĺ vii ai Sig 
| The 6th figure gives a ſketch of it; a, c, a; In 
5, is the ventricle, having, nevertheleſs, 3 — 
a and 5, and ſhewing evidently: 11 — * 
mm Start a97 21747 25 
Tunis bag (deſcended . —— middle of the 
breaſt bone, and fpread itſelf fidewards over the flerno- 
wm with appendices underneath the cucullares. 
The latiſimi coli adhered very much to the fore-part, 

but ſidewards; and under, from the muſcles of the neck, 

they were eaſily ſeparated by tearing gently, either with 

the top of the finger, or with the — * of the han- 
| Ro T & ud 8239 8510 e 
As this Orang vas much een 
and conſequently older, I dare not venture to determine, 
whether theſe ventricles or bags, which touch each other 
in the middle, grow together, ſo as to make but one 
bladder; or whether this may be a variety: becauſe in 
the Orang which was alive at the Hague, and the hi- 
tory of Which I ſhall give by and by, there was like wiſe 
but one bag ſtill larger than theſe; and proceeding far 
over the 0/aviches, back wards under the cucmlares, and 
before down two-thirds:of the breaſt bone. 


This 


cry 
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zroper purpoſe, whether united into one, or divided into 


ower ends acrofs the ſpine in men, without its: occaſion- 


urgic ſometimes collapſed. : b tl sl $47 ni 201 


Kull, hands, and feet; it is very Evident, that Mr. vasgMAER 
Was 


ſer ve for any nee of voice, they will dd 
mo cavities. We'very often ſee the kignies united atthe 
ng any diſturbance in the ſecretion or animal economy. 


trated Orang which belonged: to the Prince of Orange, 
addiedin January 1777. This was a female; when alive 
the head was always deep irithe ſhoulders, andthe animal 
eldom lifted it very high up. The man who took care of 
her obſerved a great quantity of air under the ſkin of the 
neck on both ſides, Which (being ignorant of theſe ventri- 
des) he took for a dangerous diſorder, and the ſymptoms 
of approaching death. Ifelt the neck myſelf in December 
1776, and diſcovered the bags to be much larger than 
ny I had diſſected· could remove the air eaſily with 
ny hand from one ſide to the other, and divide it, as it 
pw into two parts. The bags TE _ | 


She died not long afterwards, and was: adm . | 
the order of Mr. vosMAER, tobe ſtuffed for the Muſeum 
f his Serene Highneſs the Prince of Orange; but, as this 
annot be done without:preſerving the face, a-part of the 
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| was obliged to cut off the head and the other extremi- 
ties; and to 2 the moſt n 1 3 
. 18:73.,50:90 1o'aurfgh ori vng 

1 was very ſorry to beer the fate e 
ancommon creature, more eſpecially as I had great reaſon 
to flatter myſelf with the — of the entire animal 
222 cr t gofidrotht. 

I need not remind any one of the particulats men- 
tioned by Mr. FORSTER in the ad volume of a Voyage 
round the World, p. 55 3.; nor of his rather too ſevere 
criticiſm upon the conduct of Mr. vos MAE R, the inſpec- 
tor of the Muſeum belonging to the hereditary Stad- 
holder of the United Provinces. Mr. vos waz had, 
without doubt, no other intention but to preſerve the 
freſh ſkin of this uncommon animal ſtuffed; for the ca- 
binet of his benefactor, and not the leaſt malevolent in- 
tention to prevent the diſſection of the other parts not 
neceſſary for this purpoſe: for, when, by a ſpecial order 
of his Moſt Serene Highneſs the Prince of Orange, the 
remaining trunk was ſent to me, I found the organ of 
voice not in the leaſt hurt, and quite entire, as it is ſtill to 
my great ſatisfaftion. After having duly examined, diſ- 
ſeed, and delineated the viſcera of the breaſt and 
belly, I have put it in melaſſes, in a fine phial, in order 
to preſerve ſo valuable a preparation, not only for mJ 
muſeum, but for natural knowledge in general. 


There 


fe 


an of 142 Orang O, x53 
There was no difference betwixt this organ and that | 
delineated in the 6th figure, but in extent. The united 
ventricles covered the greateſt part of the breaſt bone, 
and had ſeveral appendices, which inſinuated themſelves 
into all the interſtices of the muſcles of the neck and 
ſhoulders. Ai a6 it A | 
It had likewiſe two diſtin meatus's coming FRG the 
inſide of the organ at the fides of the epiglottis, as in fig. 
5. and paſſing between the os byo:aes ah 2 cartilage. 
A large and vermicular proceſs was attached to the 
cecum; but the inteſtines were very different on 
the inſide, from thoſe of men. The 0s femoris was 
kept in its ſocket only by a ſtrong capſular ligament, 
there being no /igamentum teres I had not obſerved one 
in the Orang which I preſerve, and whole feet — 
to compare them with GALEN and others. BARE 
F 5. Having given the ſtructure of the organ of voice 
in five different Orangs, and demonſtrated their confor- 
mity in every other reſpect but the union I mentioned in 
ſome, I thatl-proceed now to the internal part of the or- 
gan, as it is deſcribed by GALEN. | 
Fig. 5. ſhews the inſide of the organ, which is repre 
fented in fig. 2. coriſequently of the faine. 2 
d, e, f, is the epiglottis or Angulu. | 
Vol. LXIX. > 69079 
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T 154 Profeſſor CAMPER on ihe Organs of 
, b, A, V the cricoid cartilage, divided 4 in the midale, 
and expanded ſidewards. 5 iti 0 ws ua Ang 
, d, B, arid g, i, % een eee > elitr fy 
. 4,.a, and' a, h, the holes or fiſſures at each ſide of the 
as ; L and, the cords which form the rima glotti- 
dis. All this anſwers n to the deſcription Ow by 
GEN... fu Te 
The air which is Fenced by ien out of the lungs, 
and paſſes with an accelerated velocity the ima glottidis, 
6,7, being ſtopped by the hollow ehiglottis and the roof of 
the mouth, narrow noſtrils, &c. ruſhes into theſe ventri- 
cles 2, x and ,R,s fig. 2. or into the united large ventricle 
a; b, d, e, hy , fig. 6. Theſe are, as GALEN rightly ob- 
ferves, {cemingly within the animal; for they are co- 
vered with: the external integuments and the Jatiſini 
colli. From thence, or out of theſe ventricles, the air 
gets out again by the ſame fiſſures a, i, a, b, fig. 5. through 
the mouth and noſtrils, without entering into the lungs 
again, or, as he-exprefles it, without entering into the 
belly of the animal, 74r/u/que exit, nibil in ventrem depel- 
litur; by venter is to he T the inſide of the 
If this organ ao not . nein 8 to the deſerip 
tion of GALEN, I do not know how to explain the quota- 


gion; for there is no animal, as yet known, whoſe organ 
of 


Fs 
1. 
1 


SSereß fe Orang Outangg. 1233 
' of e more applicable to it, at leaſt none * the 


* 


monkey kind, as I obſerved Before. 

It is hardly to be conceived, how Dru rr SON ſhould 
have overlooked all this, and have: pronounced the or- 
gan of voice of his pigmy to be exactly like that of 
men, as he has done p. 5 1. ; and yet, it is not impoſſi- 
ble, when we conſider that he has overlooked 2 and 
more ſtriking differences in his eſſay. J 

Nor is it probable that 6aLEN ſhould have redes 
the large vermicular proceſs of the cœeum and other 
things, if he had diſſectetli the ſame kind of African Orang 
as TVS ON did, unlefs he diſſected the Organ of voice in 
the one, neglecting the inteſtines, and again the bones of 
the feet in another; as is often the caſe with anatomiſts; 
as I know by my on experience. This, how 
ever, ſeems probable, that GALEN diſſected more than 
one ſpecies of pitbecus or apes without a tail, and chat 
even that ſpecies was differerit fromithe:Angolefe pigmy 
and from the Orang of Borneo. l 
86. Having diſſected the\whble organ of voice in the 
Orang, in apes, and feveral monkies;.I have a right to 
conclude, that Orangs and apes : are not made to modu- 


_ KJ IT? v8 


late the voice like men: for the air paſſing by the rima 


glottidis is immediately loſt in the ventricles or ventricle 
of the neck, as in apes and monkies, and muſt conſe- 
BASY X 2 quently 


146 Prad ent on the Grun e 
quently return from thence without any force and me- 
lody within the hroat and mauth of theſe creatures: 
arid this ſeems ta me the moſt evident proof of the inca- | 
Pacity of Qrangs, apes, and monkies, to utter any mo- 
dulated — 25 indeed ww 7" * en * 
ta do. 51 5 
AL have divniady — in the n Aae 
tion of the Rein- Deer (p. 5 5.of Mr. ALLAMAND's addition 
to:the XVth volume of the Count DE BUFRON) the fur- 
prizing analogy of its organ of voice with that of the 
Pitheci and Cercopitheci. That of the Orang ſeems to have 
ſome analogy with that of frogs, whofe voice, how- gn 
ever, can be better modulated by their tongues. I have % 
given a deſcription of them in the Memoirs of the So- 
ciety of Rotterdam. As I am afraid of having dwelt al- 
ready too long on this ſubject, 1 ſhall here finiſh this 
eſſay; but promiſe to ſend the Society an account of the bo 
very extraordinary organ of voice of the aouate or bur- | 
leur de Cayenne, the Simia Cunucina of LIN NAus, 2. 30. 

p. 42. the organ and as aides of which, &c. I diſſected 
ſome time ago with all poſfible care and attention. 
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8 I am, 8&c. 
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EXPL I. 


bn wt in ne Bana e miilns It. 1:7 
EXPLANATION. OF THE FIGURES, 

Fig. 1. repreſents the fharynx of the Orang nn 
from which the — of voice, As 2. and s. are de- 
nneated. | 8 
4, D, B, e, the tongue from behind. 

D, B, c, My the palatum 2 the back part of which 
the avula B, L is ſeen. ' 
B, E, G, H, F, the pharynx, divided W in the 
middle from E to 8. 
k, M, J, the paſſage from the mouth into the @/opha- 
guss, k, 6, H. Within this is ſeen aac and the 
glottis ſhut _ the GE cartila m 


Fig. r | 


bones; 2, the left corn. 

2. r, u, the thyroid cartilage; — 

A, s, the left ventricle intire. ö 

the right, cut open to ſee the orifice of the dult x 
from the bag. 


Fig. 3. The back part af the tongue and the glartis of 
monkey. 
45 „ 
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i a, b, the epighrtir; « a, wake r, g. - ks root 0 back par 
of the tongue; c, 5, f, d, the — laid open. 
u, the aſpera arterisg. 1 
V e, the capitella of the . cant; [ib wy 
e, the upper part or top of the little cartilage between 
the arytenoid cartilage and the æhiglottis, which I have 
likewiſe met with. in men, but leſs h 
i, f, the rima Elollidis. | ' ar id 
- 'p, i, the hole at the 1b 0 the 8 * 
a an {1:1 
Fig. 4. the influ, auen in profil. 
a, b, c, 
fig. 3. 
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ing 2 Kirid of orgoked hook. t ee et 
5; my the cond ve gur. r id od GC 1 
1, E, BO, the lateral 72 nus above the rima er, form- 
ing a pretty large wentricle i in W animals. 5 
i, m, V, the cricoid cartilage. "AQ 
ha,, the. vantricle, into; which the- air, coming 


throu gh the hole at the root of the epiglottis, enters. 


Fig. 8. che fame larynx, gepreſented in fig. 1. _—_ 
to ſee the inward parts. * ; 


4, the union of the cords forming the rima 2 
1 a, p J 


| 


4, the 3 45 the 1 mentions! in 


V B, the arytenoid cartilage; ry 65 the capirehims * 
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F Speech of the Orang Outang. 159 
8, ö, a, i, the holes or orifices by which the air en- 

ters into the two ventricles x, s and 2z, x, fig. 2. 

v c, by d, the right afytenoid un ge, with its capitel- 

um d. 

1 g, J the left arytenoid cartilage. 

7, e, d, the epiglotiis. 

7, b, E, I, the cricoid cartilage, divided and dilated. 


kh, n, u, V, the wind-pipe. 


Fig. 6. the fore part of the Orang, which I preſerve 
entire in my muſeum. The ſkin of the neck and the 
Jatiſimi colli are laid open, to ſhew the ventricles, 8c. 

A, B, c, the lower jaw- bone; A, D, A, E, the genio byoides. 
r, G, the cornua of the os . Hd 

u, 1, the thyroid cartilage; x, the cricaid. 

I, u, the ſub-maxillary glands. 

4, c, d, e, f, g, 5, B, the large bladder formed by the 
union of the two ventricles, of which 7, / is a mark. 

a and b, the two meatus's entering towards the inſide of 
the larynx, betwixt the thyroid cartilage and the os byoides. 
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with an account of the melancholy effects of the light- 
ning on board my ſhip the Atlas on the 31ſt of Dec. 


xv. Account of the Efectr of Ligbrning on Bond th 
Atlas. By Allen Cooper, Ei. Mater af the Atlas E 
India- man. In à Letter to Joſeph Banks, F/q. P. R. . 


Read Jaavary 19, 1559. 


| 9 Mother-Bank, 
DEAR SIR, _—— 


Slam defirous of acquainting you with every ob- 
2 ſervation made either by my friend Dr. L1NnD or 
myſelf during the voyage, I cannot help troubling you 


1778. The morning and forenoon of that day were 
clear and cold, with a ſtrong dry wind from the N. W. 
which by Dr. LIN p's wind- gage generally ſuſtained 2 
column of water of two inches ““, and was ſo high as to 
prevent boats coming off to the ſhip. At 3 P. M. a qual 
from the N. N. W. came with a violence ſcarcely credible 
attended with very heavy rain, large hail, and the mol 
ſevere lightning, which ſtruck our main-maſt-head, de- 
ſcended down the maſt Or its rigging, and entered the 
gun-deck ſomewhere ni ghithe main hatchway. Thoſ 


(a) A force equal to Ib. 10,4. 
" who 


4 eee arch e Rar, = 122 
3 in letting down che theet cable (as we 
had then brought both gur anchors a-head)xeceived. very 
fart ſhocks, and wereowitnefſes to the fire going out at 
ſeveral parts of the ſhip, and to ai explaſion equal to that 


purcoys mel which laſted all ene. 
not till the ſquall abated-that our attention was called to 
the maſts, when we ſaw one of our beſt ſeamen hang- 
ing by his feet in the main catharpins ſtruck dead; ano- 
ther in the main-top was ſo miſerably ſcorched as to re- 
main ſenſeleſs, and now continues in a dangerous way. 


ſo much hurt by the ſhock he-received, as not to recover 
the uſe of it for half an hour. All poſſible means were 
uſed to ſave the poor fellow who had received the fatal 
ſroke; but there appeared no "Rips of returning life in 


of the ſcorched Ps it Pr the lightning had en. 
tered his head, come out again on the left ſide of his 
neck, and ſpread itſelf down his left ſide and over his legs. 
The other man was ſtruck down in the main-top, his 
back much ſcorched, and on the inſide of his right leg 
the ſtocking burſt open a little below the knee. I have 
ſent the cloaths of the man who ſuffered, as alſo the 
ſtocking of the other man. Our top-gallant-maſts, at 
Vol. LXIX. RR. 


of a well-charged cannon, acconipanied wixh a moſt ſul- 


The boatſwain's mate, who was nigh him, had his arm 
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M. D. at Corke in Ireland, to the Aftronomer Royal, con- 
taining ſome Aftronomical Obſervations; ; togetber with 


tions, by the Aftronomer Royad. 


Read February 11, 1779- 


NCOURAGED by Mr. wALsH, with whom I have 


the pleaſure of being acquainted, and who has fa- 


your inclination to promote Geography and Aſtronomy; ; 
trouble you with a few obſervations, and requeſt your 
advice and aſſiſtance in the proſecution of my favourite 
ſtudy. „ 
Laſt year 1 built a very ſolid and commodious, though. 
{mall obſervatory, cloſe to my houſe. The top of one of 
the hills which ſurround this city would have been a more 
digible ſituation; but as my profeſſion confines me to 
the town I had no choice. . To make up its deficiency in 
height, I have adapted the upper part of my houſe to the 
| V 2 ſame 


XVI. Extras of Free Letters from John Lon gfield, 


the Longitude of Corke, deduced from the ſaid — | 


wured me with a letter to you; and being confident of 
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Dr. eos 


C ame ourpoſe, which ſerves very well- for infiranient 
that do not require great ſolidity : From hence I have a 
very extenſive view all round. In the obſervatory is a 
ſolid Pier, ſunk deep in the ground, on the top of which 
ſtands the tranſit inſtrument. It is of tin, three feet and 
a half long, and made by Mr. MONK. The other inſtru- 

ments I have are the following : 
An equal altitude inſtrument. 

A quadrant of one foot radius, by Mr. BIRD. 

Another of two feet and a half radius, of the French 
conſtruction, not a bad one with regard t to the diviſions, 
but inconvenient. 

An excellent teleſcope, with a treble objedt-ghaſs, by 
Mr. DOLLOND. It magnifies about 140 tines, and is of 
1 lateſt improvement. 

9 parallactic inſtrument, with a cmõon telefcope five 
feet Jong, and a rericule rhomboide: 

Two aftronomical clocks; with wooden pendulums, 
one of which goes full as well as Mr. WOOLLASTON'. 
The alterations in their going ſeem to be owing to moiſ- 
ture. TI conſtantly compare them with $MEATON's hy- 

grometer. 

With the affiſtance- of a particular friend, who is an 
excellent mathematician and a very good obſerver I Mr. 
ELIAS 5 MAINADUC], 1 have taken a great number 
| meridian 
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meridian altitudes of the Sun, and of ſtars to the North 


and South of the zenith. The mean of both h quadrants 
makes the latitude 5 * . 3 54. 
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18 2d fat. imm. hazy. 
2 5 xt fat, imm. 
_ ditto, ditto. 
35 af ditto, emerſ. 
"ditto, ditto, Hazy. 
13 97 at ; 


They: were all itn with the greateſt magnifying 
Wer. eise 1 £1 311 2111 

The weather Has ren W en r for 
theſe ſix months Paſt, which has prevented me from 
making any obſervation. of conſequence except on April, 
29th, an occultation of 1 K. Cancri by the Moon at 
lth 23 2 * apparent time, and an immerſion of Jupi- 
ters firſt ſatellite at I ah 62“ 29“ on Auguſt the 22d. 
ſhould be much obliged to you for the correſpond- 


ing obſervations to the above, if it would, not be too 
much trouble. 3111 601 2. 
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I HAVE now had a full trial of SMEATON's hygro- 
meter, and think it a very uſeful and agreeable inſtru- 
ment. It is capable of a conſiderable degree of. exact- 
| hels, but x not ſufficient for any thing which requires great 
accuracy. It abſorbs the moiſture of the air much more 
: readily than it it parts with it; and L have great reaſon to 
| believe, that, as the ; gravity « of the air differs, i it will point 
to different degrees on the ſcale, the degree of moiſture 
or--dryneſs being the fame. If the -cord is too much 
' twiſted it will require frequent adj uſtments, and I know 
that the extreme degree of moiſture is very uncertain 
(though that of dryneſs is not ſo) and different perſons 
will adjuſt it very differently at that point. 9 
My teleſcope I have found, * re and — 
——— x 34 times. ITED. SEE 

My friend, whom I mentioned to you, has been mak - 
ing obſervations for theſe thirty years. He has a good 
cdoek, with a common pendulum; a quadrant of two feet 
radius; a five feet teleſcope of two glaſſes, wich a common 
- micrometer; an excellent reflector of sHorT's, of eigh- 
* teen inches focus; and is gettin ga tranſit inſtrument. His 
- obſervations 
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Gains or | 23 | Mean 
es per | 3 
Therm. 
diem. in obſ. Hygr. | 
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Oct. 30 —1 2.5 --: 1,0 
31 
Nov. 1 | 5 
2 
| j 8 
3 
DB. 
6 | | 
| | 
7-0 59.0 +0.4 
| 0 | 
þ 
9 
10 
11-0 58.5 TT. 8 
12 | H. adjuſted, had lengthened} 
| 15 only. 
14 =Y 1 
15 —0 58.0 +0.0 
16 | | | 
18 | | 
19 
20 —O 555] To. 
21 | | 
| 22j=0 54.5] +0.5 | 
23 | [ 
22 $2.7 | +0.9 1 
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1774 mean 1 4d Therm | 1 | . Obſervations. | 
| time. | 8 in ob | E ws 1 
CCC 7 Ss ME 
ſan. 16 10 g.o| +10 | 48 | 1 
17 | 45 
18 | 32 | 
19 | 39 39 | 
20 | | 43 45 
1 43 | 45 
ö 22 | 48 49 
22370 18.5 +143 38 37 
24 | 8 | PP 
. 25 | 35 36 
0 | 20 | 42 33 | 
| 27|+0 24.5 +15 38 44 
1 n : 
29|+0 26.5 +1.0 37 | 32 1 
„ ' 8 
3170 28.5 +1.0 | 3s | 24 | 
Feb. 1 | 32 28 | 
| 240 30.0 +0.5 | 32 | 24 | 
3 32 24 
| 4|+0 31.0 +0.5 33 1] *$ } 
| 5 3 26 | 
6 32.0] +0.5 | 42 26 
7 | 42 30 
8 T0 32.5 +0.25 | 37 26 | 
33 39 27 
. 10 y.. | 47 1133 
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My clock was bought three years ſince at an auction, 
among the collection of clocks of ſome gentleman, who 
was curious in that way in London. As ſoon as it ar- 
nved I bought it from the purchaſer, a watch-maker: 
the name is HUGHES. It beats dead ſeconds, goes a month, 
and is finiſhed both inſide and out with ſo much pains 
and elegance, that the clock-makers inform me, it muſt 
have coſt forty pound. It had a common pendulum with 
a heavy bob. I got. a wooden pendulum and a new 
utch applied to it exactly according to Mr. LUDLAM'sS 
directions, except that the ſpring is longer. For four 


o . by 
bb a "— [oY — 44. . , 5 
2 — _— 


months after it was put up it went irregularly, upon- 


which I faſtened it to the wall with ſcrew bolts and large g } 
waſhers. Since that time, May 177 2, it never loſt more 13 
than 2” per diem, or gained more than 2”. 5, nor did it | 
ever differ more than 1“ in its daily rate on any two ſuc- — J 
ceſſive days. | | l 


L 8 I Ry 


s IX, 


6 ISEND you all the obſervations of any conſequence 
that have been made here. Some of them are by Mr. 
NEWENHAM, a young gentleman of conſiderable abili- 
ties. He lives on a hill, about 2400 yards E. [anſwering 
to a difference of meridians of 75 feconds of time] and 
+ Goo N. of my obſervatory [anſwering to 18” difference 
of latitude] and has a clock with a wooden pendulum; 
a tranſit teleſcope of 30 inches in length, with an achro- 
matic object- glaſs; and a reflecting teleſcope of eighteen 
inches focus, made by DOLLOND, magnifying 70 times 
very diſtinctly. Mr. MAIN ADuc's obſervatory is 1 600 
5 feet due W. of mine [anſwering to a difference of meri- 
dian of five ſeconds of time]. The eclipſe of the Sun 
was obſerved there, for the convenience of the ſide-glaſs, 


with a tranſit teleſcope of ſmall magnifying power, 
placed on rack-work; ſo that, though it was a very good 
obſervation, the beginning may be reckoned three or 


four ſeconds ſooner. I was unluckily interrupted at the 
inſtant. The end was not ſeen. The longitude of Corke 
is, 1 believe, ſufficiently determined by the occulta- 
<t10Ns, 


I have calculated ſome of them, If you ſhould 
take 


175 
take that trouble, I ſhall be much obliged to you if you 
will let me know the reſult. 


Aftr onomical Obſervations. | 


The account I ſent you'of the going of one of my 
docks, I am afraid, is not worth laying before the Royal 
Society, as no concluſion: can be deduced from it; but I 
am certain, that moiſt weather, for any length of time, 
makes it go flower, probably by increaſing the weight of 
the rod: perhaps covering it with tin- foil would prevent 
its imbibing moiſture. The other clock, with a maho. - 
gany pendulum, does not go well, as the fibres of the 
wood are not ſtrait, and it warps from the changes of the - 
weather. 
I have taken ſome pains to fix the n to ſome 
ſtandard, but in vain. One I have had about five years, 
though adjuſted laſt ſurnmer, has almoſt loſt the power 
of abſorbing moiſture; ſo that its contracting is to its 
lengthening as I to 3. 
In 1774 I ſent my DER" teleſcope to DOLLOND | 
and got another from him much better in every reſpect 
magnifying x 50 times, with an achromatic object- glaſs 
micrometer, and a very firm ſtand and polar axis. It has 
but one ſet of ſliding tubes at the object end, yet it is 
very ſteady, and anſwers perfectly well, when once it is 
fixed to the object. | 


Being 


2 — 


| 296 Dp. 'LONGPrEnD's | 

Being at one time intent on making ſome obſervationꝭ 
with the croſs wires in your manner, I got à ſtand made 
with an arm, tõ carry a lanthern that ſhonld follow the 
motion of the teleſcope, and applied a ſolid illuminator 
to it occaſionally. The account of this I firſt met with in 
the preface to your admirable obſervations. 
I changed the object of my tranfit teleſcope for an 
achromatic one, got a ſolid illuminator to it, and put in 
very fine wires, by all which it is much . 
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N of Juphers firſt ſatellite, 


« Ls 


172, July 13 5 
Aug. 3 10 58 * 
Sept. 20 8 21 16 

OA. & 6 4 
73, Aug. 22 | 12 52 29 
Nov. 24 
1174, Nov.1g 10 20 27 


, 
_= 


by Mr. MainapDuc. 


Immerſion, achrom. 134. 
Emerſion, ditto, | 
"REEL | * 


| Emerſion, achrom, 1 1 


29 | 8 34 19 1} Emerfion, die. 
1775, Jan. * 8 43 23 *  Emerſion, ditto. | $ 
Mar, 1 9 13 16 ' | Emerfion, dite © 33 


ny Mie, re Serkan. 
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1774, Nov. ag 8 34 42 |} Emerſion, 2 70 M. P. 
Dec. B| 4 54 86 Ewnerſion, dino. | 
1975, Jan. 14 8 43 34 Emerſion, —_— 


Sept. a9 16 4% 3x | | þ Ihinierſivng din. 211953261 
Oct. 111 16 41.5 | Immerſion, ditto. 

22 | 17 1 $3-5 | Immerſion, ditto, 
24 | 11 31 25 | Immerſion, ditto, 1 
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Occultations. 
App. time. 4 21 1 4 | 
N. . | | 


IJ 1773, Apr. 29 11 23 28 1 « Cancri, immerſion; FASL PEI 
1774, Apr.14 | 6 41 49 Tees, H 

1775, Sept. 1411 7 1 fl Tauri, 2 
20 13 12 |< Taur, erin, uncertain to aro Sa 
1777, Sept.21 | 10 26 39 1:2 Tauri, immerſion. 
1643 28 la N Tauti, immerſion. 
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1774, Nov. 78 | 14 35 42 I- Lan immerſion, | | 
15 52 27 - Tauri, emerſion.. yy” 


17 59 17 5. 
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2776, Jan. 8 


” WC 4 
| | 18 48 55.5 r 
»778, June 24 | 2 $7 16 
4 4 P 


Magnetic variation * W.i in July 778. 
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Arenen non 1 
Ne Longitude „Cle fal from A ele obſerva- b 
tions compared with others made at the Royal Obſer- A 
vatory at Greenwich. By Nevil — D. D. 4 
F. R. S. and Aftronomer Royal. ere A 


THE, obſervations made at the Royal Obſervatory at 
Greenwich neareſt to t thoſe made at Corke are as follows, 
and the error of the N Tautical Almanac with reſpect 
to the time obſerved is ſet down, and alſo the correction 
of the N autical Almanac, with reſpect to the time ob- 
ſerved, and reduced to the effect of a 32 feet teleſcope, 


which ſhews the- —_ of the firſt ſatellite ſooner, | 


nd the * later, t than the fx feet reflector does 


* — I 


1772, July xt | Imil]in''22 25 
Aug, 26 Fa. 14 4-22|.6 'þ 
Sept. 27 | Em. (10 52 43 
Oc. 3. Em 9 "7, 4 
ms, Aug. 31 Im. | 9 51 57 
ne Sept. 10 Im. 15 28 31] 
Dec. 29 Em. 11 

1775, Feb. 22 — 
Aug. 7 
OR. 22 


"Air very clear. 
Air very clear. 
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His obſervatory is 34 1x”, which, according to Dr. LONG- 
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— Dre. LONGFIELD's 
Hence the times of the Nautical Almanac corrected 
and reduced to the effect of a 3 feet teleſcope, and com- 
pared with the obſervations made at Corke, to find the 


difference of meridians cd Greenw * and Corke, are as 
follows : 


* 


þ | g r. of Nautical] i 
| | | | Nautical Almanac 
1 | * f | . 
1 — - 

| - | | b 535 Wh | > #04 © 
1772, July 18 | Im. —O 11 [13 15 37 


1773, Aug. 22 13 26 3 


| 


18 55 
8 [31 14 
1774, Now. 291 TE 2 83 21 33 ; 
1775, Jan. 14 | Em. 2 Fx BE 
. Mar. 1 Em. 70 49 


| 


Mean of two reſults, 33 $7”. 
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Hence the difference of meridians of Greenwich ad 
Corke is 33' 57” of time, and the longitude of Corke is 
$8* 29/ 15” Weſt of Greenwich. The latitude of Corke, 
as determined by Dr. LONGFIELD, by a mean from two 
quadrants j is 51* 53/ 54 North. 125 

By Mr. NEWENHAM's obſervations compared i in like 
manner the difference of meridians of Greenwich and 


FIELD's obſervations, allowing 8“ for the difference of 
meridians, 


nnen aan a 
Aſtronomical een | 181 
neridians, owing to the diſtance of the two obſervato- 
ries, ſhould be 33/ 49”, which latter reſult is moſt to be 
lepended upon. The latitude of Mr. NEWENHam's obſer- 
ntory being 18” greater than that of Dr. Lomo IE -s, 
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xcording to the meaſured diſtance, is 5 1 54/12” North. 
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xvn. The Latitude of Madras in | bo Ball Indies, « 
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The above obſervations were taken with an aftrono- 
mical braſs quadrant on the top of the houſe uſually in- 


habited by the chief engineer. 
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Read February 11, 1778. 
Latitudes of Madraſ*s, 
— 
Time. What objects. a Z. Ag. S 
1776, Of. 4. Sun — — , 13 3 58 * 
5. Sun — 13 4 20 8 1 
19. Sun — — 13 4 16 8 
22. on- — 13 3 56 = 
ov. 1. 8 Caffiopea SO IEEE. 13 5 42 
Sr 13 5 88 
7 Caffiopea — 3 13 5 44 
_ I Chiliopes..., 7d 7 non it 13 539 
2. I Capricorn — 13 4 29 8 
Fomalhaut — — 0 13 4 29 —— — 
8 Ceti 13 3 55 3 
3. Moon, n — 13 6 58 
* 4 dun, very good, — 13 4 9 — — 
1 __._ 13 5256 
x Andromeda (called 1) — = — 13 5 25 
s Caſhopea — — — — 13 15 9 
13 411 13 5 37 
Mean latitude I 3* 4 54” North. 


From Obſervations made by. William Steph ens, Chief 
Engineer. Communicated by John Call, E/q. F. R. S. 
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A your curioſit ity ſeemed much excited by the extra- 
ordinary accounts of the Ne orwich muſical child, 
ind as you expreſſed ſome defire to know in what parti- 
culars his performance was wonderful, and diſpoſition to L 
muſic ſaperior to that of other children of the ſame age: | 
after making all the i inquiries my leiſure and opportuni- _ 7 
tes would allow, and. repeatedly hearing and ſtudying ö 
him, 1 haye | i an up the following account, which, if 3 
it does not appear too trivial, I ſhould be glad you 1 
vould do me the honour of preſenting to the Royal So- VB 
dety, as a mark of n my reſpect and veneration for that ; 
learned Body, who, as their inquiries extend to all parts 
of N ature, will perbaps not diſdain to receive a narrative 
of the uncommon exertions of the human faculties at a 


more early period of life than they uſually develope. 
2M have the honour to be, &c. 
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THAT reaſon — to "Ron and reflexion to ope. | 
rate, in ſome children much ſooner than in others, muſt be 
known to every one who has had an opportunity of com- 
paring the faculties of one child with thoſe of another, 

It has, however, ſeldom been found, that the ſenſes, by 

which intelligence is communicated to the mind, advance 

with even pace towards perfection. The eye and the 
ear, for inſtance, which ſeem to afford reaſon its princi- 
pal ſupplies, mature at : different periods, i in Proportion bo 

- exerciſe and ex perience; - and not only. arrive at different 
degrees of perfection during the ſtages of infancy, bu 
Have different limits at every period of 25 life. | An 
eye or ear hat only ſerves the commo n purpoſ | 
tence is intitled to no praiſe; and it is only by extraordi 
nary proofs of quickneſs and dicrimination in the uſe of 
theſe ſenſes, that an early tendency | to the art of f painting 
or muſic is diſcovered. 8 Ar 

Many children, indeed, ſeem to recognize Aifferent 
forms, perſons, ſounds, and tones of voice, in very early 
infancy, who never afterwards endeavour to imitate forms 
by delineation, or ſounds by vocal inflexions. * 

As drawing ar deſign may de called a refinement of 
the ſenſe of fight, and practical muſic of that of hearing; 


and as a perfection in theſe arts at every period of life, 
from 


" an Infant Muſician. 185 
from the difficulty of its attainment, and the delight it 


reſpect, a premature diſpoſition to either uſually excites 

the ſame kind of wonder as a phenomenon or prodigy. 
But as perſons conſummate in theſe arts, and who are 

acquainted with the uſual difficulties which impede the 


the miraculous parts of a child's knowledge or perfor- 
mance, it will be neceſſary, before I ſpeak of the talents 
peculiar to the child who is the ſubject of the preſent in- 


ſhall enable me, between a common and ſupernatural 
diſpoſition, during infancy, towards the art of muſic. 

In general a child is not thought capable of profiting 
from the inſtructions of a muſic-maſter till five or fix years 


ing pleaſed with muſical tones, and a voice that could 
imitate them, much ſooner. The lullaby of a nurſe 
during the firſt months of a child's exiſtence has been 


found to ſubdue peeviſhneſs, and, perhaps, divert atten- 


tion from pain; and in the ſecond year it has often hap- 


one tune or ſeries of ſounds than another, but has had 


ſufficient power over the organs of voice to imitate the in- 


flexions by which it is formed; and theſe early proofs of 
VoL. LXIX. B b | what 


affords to the admirers and judges of both, is treated with 


rapid progreſs of common ſtudents, can only judge of 


quiry, to diſtinguiſh, as far as experience and obſervation 


old, though many have diſcovered an ear capable of be- 


pened, that a child has not only been more diverted with 


186 Dr. ru Account of 
what is commonly called muſical genius woult doubtlef 
be more frequently diſcovered if experiments were made, 
or the mothers or nurſes were muſically curious. How. 
ever, ſpontaneous efforts at forming a tune, or producing 
harmony upon an inſtrument fo early, * never come 
to my knowledge. 

The arts being governed by laws built on ſuch pro- 
ductions and effects as the moſt pohſhed part of man- 
kind have long agreed to call excellent, can make but 
ſmall approaches towards perfection in a ſtate of nature, 

however favourable may be the diſpoſition of thoſe who 
are ſappoſed to be gifted with an uncommon tendency 
towards their cultivation. Nature never. built a-palace,, 
painted a picture, or made a tune: thefe are all works of 
art. And with reſpect to architecture and muſic, there 
are no models in nature which can encourage imitation: 
and though there is a wild kind of muſic among ſavages, 
where paſſion vents itſelf in lengthened tones different 
from thoſe of ſpeech, yet theſe rude effuſions can afford: 
no pleaſure to a cultivated ear, nor would be honoured 
in Europe with any better title than the howlings of 
animals of an inferior order to mankind: 

All therefore that is really admirable in early.attempts 
at muſic is the power of imitation; for elegant melody 
and good harmony can only be ſuch as far as they cor- 

reſpond 


an Infant Mu vian,, - 
reſpond. with or en their acts: and as melody 
conſiſts in the happy arrangement of ſingle ſounds, and 
harmony in the artificial combination and ſimultaneous 
uſe of them, an untaught muſician becomes the inventor 
of both; and thoſe who are at all acquainted with the in- 
fancy of ſuch melody and harmony as conſtitute modern 
muſic, can alone form an idea of the rude ſtate of both 
when an individual diſcovers them by the flow proceſs 
of experiment. 5 
Every art when firſt diſcovered ſeems to reſemble. a 


rough and ſhapeleſs maſs of marble juſt hewn out of a 


quarry, Which requires the united and ſucceſſive endea- 
vours of many labourers to form and poliſh, The zeal 
and activity of a angle workman can do but little towards 
its complet ion: and in muſic the undirected efforts of an 
infant muſt be fill more circumſcribed : for, without the 
aid of reaſon and perſeverance he can only depend on 
memory and a premature delicacy and acuteneſs of ear 
for his guides; and in theſe particulars the child of whom 
1am going to ſpeak is truly wonderful. 

WILLIAM CROTCH was born at Norwich July 5, 177 5» 
His father, by trade a carpenter, baving a paſſion for 
muſic, of which however he had no knowledge, un- 
dertook to build an organ, on which, as ſoon as it would 


ſpeak, he learned to play two or three common tunes, 
B b 2 ſuch 


T 


187 
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ſuch as God ſave great "GEORGE our king; Tet ambition 
fire thy mind; and The Eafler Hymn; with which, and 
fuch chords as were pleaſing to his ear, he uſed to try the 
perfection of his inſtrument. L444 
I have been favoured with ſeveral particulars concern- 
ing his fon's firſt attention to muſic from ROBERT PAR« 
TRIDGE, eſquire, a gentleman of rank in the-Corpora- 
tion of Norwich, who, at my requeſt, has been ſo oblig- 
ing as to aſcertain many curious facts, the truth of which; 
had they reſted merely on the authority of the child's. 
father or mother, might have been ſuſpected; and tranſ. 
actions out of the common courſe of nature cannot be 
too ſcrupulouſly or minutely proved. 
My correſpondent, of whoſe intelligence and veracity 
I have the Higheſt opinion, tells me, that I may reſt 
aſſured of the authenticity of fuck circumſtances as he 
relates from the information of the child's father, who is 
an ingenious mechanic, of good reputation „whom he 
knows very well, and frequently employs, as theſe cir- 
cumſtances are confirmed by the teſtimony of many who 
were witneſſes of the child's early performance; and he 
adds, that he has himſelf ſeen and heard moſt of the 
very extraordinary efforts of his genius. 

About Chriſtmas 1776, when the child was only a 
year and a half old, he diſcovered a great inclination for 
muſicy 
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muſic, by leaving even his food to attend to it when the 
organ was playing: and about Midſummer 1777 he 
vould touch the key- note of his particular favourite 
tunes, in order to perſuade his father to play them. Soon 
after this, as he was unable to name theſe tunes, he 


would play the two or three firſt notes of. them when he 
thought the key-note did not ſufficiently explain which 
he wiſhed to have played. | "Ie f 

But, according to his mother, it ſeerns to * been in 
conſequence: of his having heard the ſuperior per- 
formance of Mrs. LULMAN, a muſical lady, who came to 
try his father's organ, and who not only played on it, but 
ſung to her own accompanyment, that he firſt attempted 
to play a tune himſelf: for, the ſame evening, after her 
departure, the child cried, and was ſo peeviſh that his 
mother was wholly unable to appeaſe him. At length, 
paſſing through the dining room, he ſcreamed and ſtrug- 
gled violently to go to the organ, in which, when he was 
indulged, he eagerly beat down the keys with his little 
fiſts, as other children uſually do after finding themſelves 
able to produce a noiſe, which pleaſes them more than 
the artificial pexformance © of real melody or harmony by 
others. | 

The next day, A 1 left, while his * 535 
vent out, in the dining-room with his brother, a youth. 
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of about fourteen years old, He would not let him reſt 

till he blew the bellows of the organ, while he fat on his 
knee and beat down the keys, at firſt promiſcuouſly; but 
preſently, with one hand, he played enough of God ſav- 
great GEORGE our King to awaken the curioſity of his fa- 
ther, who being in a garret, which was his work-ſhoy, 
haftened down ſtairs to inform himſelf who was Playing 
this tune on the organ. When he found it was the child, 
he could hardly believe what he heard and ſaw, At 
this time he was exactly two years and three weeks old, 
as appears by 2 copy 1 have obtained of the regiſter in 
the pariſh of St. Georges Colgate, Norwich, fi gned by 
the reverend Mr. rarrs, miniſter, Nor can the age of 
this child be ſuppoſed to exceed this account by thoſe 
who have feen him, as he has not only all the appearance, 
dut the manners, of an infant, and can no more be pre- 
vailed on to play by perfuafion than a bird to fing. 

It is eaſy to account for C /a&vs great GEORGE our 
Xing being the firſt tune he attempted to play, as it was 
not only that which his father often performed, but 
had been moft frequently adminiſtered to him as a nat- 
cotic by his mother, during the firft year of his life. | 
had likewiſe been more magnificently played than he 
was accuſtomed to hear by Mrs. LULMAN, the afternoon 


before he became a practical muſician himſelf; and, pre- 
viouꝭ 


an „ Infant Aten. - | T'gT! 
vous to this event, he uſed to teize un fither to play 
this tune on. his organ, and was. very clamourous when. 
ze did not carry his point. 
When his mother returned, the finder, with a 8 
which. at once implied joy, wonder, and myſtery, defired 
her to go up ſtairs with him, as he had ſomething curious 
to ſhew her. She obeyed, imagining that ſome acquain- 
tance or friend was arrived, or that ſome intereſting, 
event had happened. during ber abſence; but was as. 
much furprized as the father on hearing the child play 
the firſt part of God /awe great GEORGE 047 King. The: 
next day he made himſelf maſter of the. treble of the. 
ſecond. part; and the day after he attempted: the baſe, 
which he performed. nearly correct in every particular, 
except the note immediately before the cloſe, which, be- 
ng an otave below the preceding ſound, was out of the 
mach of his little hand. 
In the beginning of. N ovember 1777 he played both. 
the treble and. baſe of Let ambition. fire. thy mind, an old. 
une which is, perhaps, now better known by the words 
which it is ſung in Love in a Village, Hape, thou nurſe 
of young deſire. | 
Upon the parents relating this extraordinary circum- 
lance to ſome of their neighbours, they laughed at it; 


and, regarding it as the effect of partial fondneſs for 
5 | their 
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their child, adviſed them by 1 no means to mention it 23 
ſuch a marvellous account would only expoſe cem to 
ridicule. However, a few days after, Mr. CROTCH being 
:Ul, and unable to go out to work, Mr. PAUL, a maſter. 
weaver by whom he was employed, paſſing accidentally 
by the door, and hearing the organ, fancied he had been 
- deceived, and that croTCH had ſtayed at home in order 
to divert himſelf on his favourite inſtrument; fully pre- 
poſſeſſed with this idea, he entered the houſe, and, ſud- 
N derily opening the dining-room door, ſaw the child play- 
ing on the organ while his brother was blowing the bel- 
lows. Mr. yaUL'thought the performance fo extraordi- 
nary, that he immediately brought two or three of the 
neighbours to hear it, who propagating the news, a croud 
of near a hundred people came the next day to hear the 
young performer, and, on the following days, a ſtill 
greater number flocked to the houſe from all quarters of 
the city; till, at length, che child's parents were forced to 
limit his exhibition to certain days and hours, in order to 
leſſen his fatigue, and exempt themſelves from the in- 
convenience of conſtant attendance on the curious mul- 
titude. 185 
This account agrees in moſt particulars with a letter | n 
received from Norwich, and * which the following i IM ® 
an extract, 


£ There 


4 7 ; RY an „ Infant f, „„ 795 " "IIA b. 
There is now in this city a muſical prodigy, which 
7 engages the converſation and excites the wonder of | 
« every, body. A boy, ſon to a carpenter, of only two 
« years and three quarters old, from hearing his father 
play upon an organ Which he 18 making, has diſco- 
« yered ſuch muſical powers as are ſcarcely credible. He 
« plays a, variety of tunes, and has from memory re- 
« peated fragments of ſeveral voluntaries which he 
(6 heard Mr. GARLAND, the organiſt, play at the cathe- 
« dral. ., He has likewiſe accompanied A perſon who 
« played upon. the flute, not only with a treble, but has 
« formed a baſe of his own, which to common hearers ; 
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© ſeemed harmonious, If any perſon plays falſe, it = 
6 throws him into a paſſion directiy; and though his 8 
« little fingers can only reach a ſixth, he often attempts 27 
* to play chords. He does not ſeem a remarkable l 


clever child in any other reſ] pect; but bis whole 


—— 
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* ſoul is abſorbed in muſic'® (a), Numbers croud daily 


1 

(a) This opinion ſeems to have been too aa formed ; for, independent of Q 
his muſical talent, he appears to me poſſeſſed of a general intelligence beyond 13 
his age: and he has diſcovered a genius and inclination for drawing, nearly as 7 
ſrong as for muſic; for whenever he is not at an inſtrument, he uſually employs | 3 
himſelf in ſketching, with his left-hand, houſes, churches, ſhips, or animals, _. —- 4 
in his rude and wild manner, with chalk on the floor, or upon whatever other 1 
Plain ſurface he is allowed to ſcrawl. Painters . Pape form ſome Judg- © 
ment of his muſic by his drawings. 2 2 
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6 to Hear him, and the muſical _ are all amaze. 
Ce. ment (8) » 

The child being but two years and eight months old: 
when this letter was written, his performance muſt 
have appeared conſiderably more wonderful than 
at preſent: for as. he ſeems to have received ſcarce 

any inſtructions, and to have purſued no regular courſe 
of ſtudy or practice ſince that time, it can hardly be 
imagined that he is much improved. However, ex- 
perience muſt have informed him what ſeries or combi- 
nation of ſounds was moſt offenſive to his ear; but ſuch 
is his impetuoſity that he never dwells long on any note 
or chord, and indeed his performance muſt originally 
have been as much under tlie guidance of the eye as the 
ear, for when his hand unfortunately falls upon wrong 
notes, the ear cannot judge till it is too late to correct the 
miſtake. However, habit, and perhaps the delicacy and 
acuteneſs of another ſenſe, that of feeling, now direct 
him to the keys which he preſſes down, as he . 
ever looks at them. 

(b) His father, who has lately been in London, and with chem I have con- 
verſed fince this account was drawn up, all the particulars of which he has con- 
firmed, told me, that when he firſt carried the child to the cathedral he uſed to 
cry the inſtant he heard the loud organ, which, being ſo much more powerful 
than that to which he had been accuſtomed at home, he was ſome time before he 
could bear without diſcovering pain, occaſioned, perhaps, by the extreme deli 


cacy of his ear, and irritability of his nerves, 
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The firſt voluntary he heard with attention was per- 
formed at his father's houſe by Mr. MULLY, a muſic- 
maſter and as ſoon as he was gone, the child ſeeming to 
play on the organ in a wild and different manner from 
what his mother was accuſtomed to hear, ſhe aſked him 
what he was doing? And he. replied, © I am playing 
« the gentleman's fine thing.” But ſhe was unable to 
judge of the reſemblance: however, when Mr. MULLY 
returned a few days after, and was aſked, whether the 
child had remembered any of the paſſages i in his volun- 
tary, he anſwered in the affirmative. This happened 
about the middle of November 177 7, when he was only 
two years and four months old, and for a conſiderable 
time after he would play nothing elſe but theſe paſſages. 

A muſical gentleman of Norwich informed Mr. par- 
TRIDGE, that, at this time, ſuch was the rapid progreſs he 
had made in judging of the agreement of ſounds, that he 
played the Eafter-Hymn with full harmony; and in the 
laſt two or three bars of Hallelujab, where the fame ſound 
is ſuſtained, he played chords with both hands, by which 
the parts were multiplied to ſix, which he had great dif- 
ficulty in reaching on account of the ſhortneſs of his 
fingers. The ſame gentleman obſerved, that in making 
a baſe to tunes which he had recently caught by has ear, 
whenever the harmony: diſpleaſed him, he would con- 
C 2 tinue 
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tinue the treble note till he had formed a better accom- 
panyment. | 40 4 eic in Bor u 

From this period his memory was very accurate in 
retaining any tune that pleaſed him: and being preſent 
at a concert where a band of 'gentlemen-performers 
played the overture in Rodelinda, he was'fo delighted 
with the minuet, that the next morning he hummed 
part of it in bed; and by noon, without any further al- 
ſiſtance, played the whole on the organ. 

His chief delight at preſent is in pl aying voluntaries, 
which certainly would not be called muſic if performed 
by one of riper years, being deficient in harmony and 
meafure; but they manifeſt ſuch a diſcernment and ſe- 
tection of notes as is truly wonderful, and which, if 
fpontaneous, would ſurprize at any age. But though he 
executes fragments of common tunes in very good time, 
yet no adherence to any particular meaſure i is difcovera- 
ble in his voluntaries; nor have I ever obſerved in any of 
them that he tried to play in triple time. If he diſcovers 
a partiality for any particular meaſure, it is for dactyls of 
one long and two ſhort notes, which conſtitute that ſpe- 
cies of common time in which many ſtreet- tunes are 
compoſed, particularly the firſt part of the Belleiſle 
March, which, perhaps, may firſt have ſuggeſted this 
meaſure to him, and impreſſed it in his memory. And 
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his ear, tha = exquiſitely | formed; for diſcriminating 
ſounds, is as yet only-captivated. by vulgar, and common 
melody, and is ſatisfied with very impertect harmony. I 
examined his countenance when he firſt heard the voice 
of Signor /PACQHIEROTTI, the principal ſinger of the 
opera, but did nat find that he ſeemed ſenſible of the ſu- 
perior taſte and/refinement of that exquiſite performer; 
however, he called out very ſoon after 10 air * be- 
gun, * He is ſinging i in .“. 
And this is one of the aſtoniſhing ongperties of his 
ear, that he can diſtinguiſh at a great diſtance from any 
inſtrument, and out of fight of the keys, any note that 
is ſtruck, whether A, B, c, &c. In this I have repeatedly 
tried him, and never found him miſtaken even in the 
half notes; a eircumſtance the more extraordinary, as 


diſtinguiſh by the ear at the opera or elſewhere i in what 
key any air or piece of muſic is executed. 

But this child was able to find any note that was 
ſtruck in his hearing, when out, of ſight of the keys, at 
two years and a half old, even before he knew the letters 
of the alphabet: a circumſtance fo extraordinary, that I 
was very curious to know when, and in what manner, 
this faculty firſt diſcovered itſelf; and his father ſays, 
that in the middle of January x 778, while he was play- 
wg the organ, a particular note hung, or, to ſpeak the 
language 
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many practitioners and good performers are unable to 
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1an guage of organ-builders, ciphered, by which the tone 
was continued without the preſſure of the finger: and 
though neither himſelf nor his elder ſon could find out 
what note it was, the child, who was then amuſing him. 
ſelf with drawing on the floor, left that employment, 
and going to the organ immediately laid his hand on 
the note that ciphered”. Mr. CROTCH thinking this the 
effect of chance, the next day purpoſely cauſed ſeveral 
notes to cipher, one after the other, all which he in- 
ſtantly diſcovered: and at laſt he weakened the ſprings 
of two keys at once, which, by preventing the valves of 
the wind- cheſt from cloſing, occaſioned a double cipher, 
both of which he directly found out. Any child, indeed, 
that is not an idiot, who knows black from white, Jong 
from ſhort, and can pronounce the letters of the alpha- 
bet by which muſical notes are called; may be taught the 
names of the keys of the harpſichord in five minutes 
but, in general, five years would not be ſufficient, at any 
age, to impreſs the mind of a muſical ſtudent with an 
infallible reminiſcence of the tones produced by theſe 
keys, when not allowed to look at them. 


(c) This circumſtance proves that he exerciſed his eye in drawing, after bu 
manner, before he was two years and a half old. 

(4) By remarking that the ſhort keys, which ſerve for flats and ſharps, ate 
divided into parcels of threes and twos, and that the long key between erer 
two ſhort keys is always called D, it is extremely eaſy from that note to diſcover 
the fituation and names of the reſt, according to the order of the firſt {cv 
letters of the alphabet. | 
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** oy Tnſant Mufician. * n 
Another wonderful part of his pre-maturity was the 
deing able at two years and four months old to tranſpoſe. 
into the moſt extraneous and difficult keys whatever he 
played; and now, in his extemporaneous flights, he mo- 
dulates into all keys with equal facility. 
The: laſt qualification which I ſhall point out as ex- 
taordinary in this infant muſician, is the being able to 
play an extemporary baſe to eaſy melodies when per- 
formed by another perſon upon the ſame inſtrument. 
zut theſe baſes muſt not be imagined correct, according 
to the rules of counter- point, any more than his volun- 
tries.. He generally gives, indeed, the key- note to paſ- 
fages formed from its common chord and its inverſions, 
and is quick at diſcovering, when the fifth of the key 
vill ſerve as a baſe.. At other times he makes the third 
of the key ſerve as an accompaniment to melodies formed 
om the harmony of the chord to the key-note; and if 
imple paſſages are played flow, in a regular progreſſion: 
aſcending or deſcending, he ſoon finds out that thirds or 
tenths, below the treble, will ſerve his purpoſe in fur-- 


liſhing an agreeable accompaniment. 1 \ 

However, in this kind of extemporary baſe, if the 1 
ſame pafſages are not frequently repeated, the changes of Z 
modulation muſt be few and ſlow, or correctneſs cannot [3 
be expected even from a profeſſor. The child is always i 


is ready at finding a treble to a baſe as a baſe to a treble, - 
if- 
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if played'i in flow notes, even in chromatic paffages; that 

is, if; after the chord of c natural is ſtruck; e be made 
4 ſharp, he ſoon finds out that à makes a good baſe to it; 
3 and on the contrary, if, after the chord of D with a ſharp 
1 third, r is made natural, and a is changed into , he in- 
ſtantly gives d for the baſe. Indeed he continued to ac- 
company me with great readineſs in the following chro- 

matic modulation, aſcending and deſcending: 


— 


2 
y 
a 
a 
b 
f 
c 
{ 
a 
n 
tl 


I made more experiments of. this Kind, but to relate 
them would render my account too technical to all but 
compoſers, or ſuch as have long ſtudied harmony. 

When he declares himſelf tired of playing on an in- 
ſtrument, and his muſical faculties ſeem wholly blunted, 
he can be provoked to attention, even though engaged 
in any new amuſement, by a wrong note being ſtruck in 
the melody of any well-known tune; and if he ſtands 
by the inſtrument when ſuch a note is deſignedly ſtruck, 
he will inſtantly put down the right, in whatever key the la 
air is playing. | 

At preſent, all his own melodies are imitations of com- th, 


mon and eaſy paſſages, and he ſeems inſenſible to others» ¶ - 
however, 
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an Infant Muſician. - 20k 
however, the only method by which ſuch an infant can 
s yet be taught any thing better ſeems by example. If 1 
he were to hear only good melody and harmony, he | | 1 
would doubtleſs try to produce ſomething ſimilar; but, vn 
t preſent, he plays nothing correctly, and his voluntaries 
xe little leſs wild than the native notes of a lark or a 
black- bird. Nor does he, as yet, ſeem a ſubject for in- 
truction: for till his reaſon is ſufficiently matured to 
comprehend. and, retain the precepts of .a, maſter, and 
ſomething like a with for information appears, by a ready 
and willing obedience to his injunctions, the trammels of 
rule would but diſguſt, and, if forced upon him, deſtroy 
the miraculous parts of. his ſelf-taught performance. 

Mr. BAILLET; publiſhed in the laſt century a book, 
Sur les Enfant celebres. par leurs etudes; and yet, not- 
vithſtanding the title of his work, he ſpeaks not of in- 
ants but adoleſcents, for the. youngeſt wonder he cele- | 
brates in literature is at leaſt ſeven years old; an age at 40 
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which ſeveral ſtudents in muſic under my own eye have I 
deen able to perform difficult compoſitions on the harp- : 
ſichord, with great neatneſs and preciſion. However, this 4 
has never. been accompliſhed without inſtructions and 4 
laborious practice, not always voluntary. =_ 

Muſical prodigies of this kind are not infrequent: : | 5 
there have been ſeveral in my own memory on the harp- 1 
ſchord. About thirty years ago I heard PALSCHAU, a 1 

Vo L. LXIX. D d German 
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German boy of nine or terr years old, then in Bonden, 
perform with great accuracy many of the moſt difficult 
compoſitions that have ever been written for keyed in- 
ſtruments, particularly ſome leſſons and double fugues 
by SEBASTIAN Bacu, the father of the preſent eminent 
profeſſors of that nate, which, at that time, there were 
very few maſters in Europe able to execute, as they con- 
tained difficulties of a particular kind; ſuch as rapid di- 
viſions for each Hand in a ſeries of thirds, and in ſixths, 
aſcending and deſcending, beſides thoſe of full harmony 
and contrivance in nearly as many parts as fingers, ſuch 
as abound in the leſſons and organ fugues of HANDEL. 
Mifs FREDERTCA; now Mrs. wr NE, à little after this 
time, was remarkable for executing, at fix years old, a 
great number of leſſons by —— PARADIES, and 
others, with the utmoſt Preciſion. Zi! 
But che two ſons of the feverend Mr. ws LEV ſeem 
to have diſcovered, during early infancy; very uncom- 
mon faculties for the practice of muſic. cHarLEs, the 
eldeſt, at two years and three quarters old, ſurprized his 
father by playin gal tittie on the harpſichord readily, and 
in juſt time: ſoon after he played ſeveral, whatever his 
mother ſung, or whatever he heard in the ſtreet. 
SAMUEL, the ydun geſt, though he was three years old 
before he aimed at a tune, yet by conſtantly hearing bis 


brother practiſe, and being accuſtomed to yur muſic 
1 and 


=. 


_— 0 Mn, Y- 
and maſterly execution, before he was fix years old ar- 
rived at ſuch knowledge in muſic, that his extemporary 
performance on keyed inſtruments, ke MOZzART's, was 
ſo maſterly in point of invention, modulation, and accu- 
racy of execution, as to ſurpaſs, in many particulars, the 
attainmerits of moſt *** at any period of their 
lives. | 

Indeed MOZART, cakes little more than four years old, 
is ſaid ta have been not only capable of executing, leſ- 


| - 


« ſons on his favourite inſtrument, the harpſichord, but 


to have compoſed ſome in an eaſy ſtyle and taſte, which 
«© were much approved 4 2 and SAMY EL WESTLEY before 
he could write was a compoſer, and mentally ſet the airs 
of ſeveral gratorios,, which he retained; in memory till 
he was eight-years old, and then wrate them dawn. 
Here the difference. of education appears: little 
cROTCH, left to nature, has not only been without in- 
ſtructions but good models of imitation; while MOZ ART 
and SAMUEL WESTLEY, on the contrary, may be ſaid to 
have been nurſed in good muſic: for as the latter had 
his brother's excellent performance to ſtimulate atten- 
tion, and feed his ear with harmony; the German infant, 
living in the houſe of his father, an eminent profeſſor, 


(e) See Phil. Tranſ. vol. LX. for the year 1770; an account of a very re- 
markable young muſician, by the honourable DAINES BARRINGTON, F. R. s. 
who ſoon intends to favour the public with an account of the two WESTLEYS. 
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and an elder alter, a neat player on the hls and 
_ conſtantly practiſing compoſitions of the firſt claſs for 
that inſtrument, had every advantage of ſituation and 
culture joined to the profuſion of natural endowments, 
Of Mozart's infant attempts at muſic I was unable to 
diſcover the traces from the converſation of his father; 
who, though an intelligent man, whoſe education and 
knowledge of the world did not ſeem confined to muſic, 
confeſſed himſelf unable to deſcribe the progreſſi ve im- 
provements of his ſon during the firſt ſtages of infancy. 
However, at eight years of age I was frequently con- 
vinced of his great knowledge in compoſition by his 
writings; and that his invention, taſte, modulation, and 
execution in extemporary playing, were ſuch as few pro- 
feſſors are poſſeſſed of at forty years of age. 
Into what the preſent prodigy may mature is not eaſy 
to predict; we more frequently hear of trees in bloſſom 
during the winter months than of fruits in conſequence 
of ſuch unſeaſonable appearances. However, to keep pace 
with the expectations to which ſuch premature talents 
give birth is hardly allowed to humanity. It is the wiſh of 


— 8 1 


ſome, that the uncommon faculties with which this child 


is endowed might be ſuffered to expand by their own ef- 


forts, neither reſtrained by rules, nor guided by exam- 


ples; that, at length, the world might be furniſhed with 
2 ſpecies of natural mne, ſuperior to all the ſurprizing 
productions 
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* an x Infant Mufeian. W 205 
Foduddons of art to which pedantry, affectation, or a 
powerful hand, have given birth. But, alas! ſuch a wiſh 
nuſt have been formed without reflexion; for muſic 
having its claſſics as well as poetry and other arts, what 
could he compoſe or play upon different principles that 
would not offend the ears of thoſe who have regarded 
thoſe claſſics as legiſlators, and whoſe ſouls have been 
wrapped in elyſium by their ſtrains? He might as well, 
if ſecluded from all intercourſe with men, be expected 
w invent a better language than the preſent Engliſh, the 
work of millions, during many centuries, as a new muſic 
more grateful to the ears of a civilized people than that 
with which all Europe is now delighted. 

An individual may doubtleſs advance nearer perfec- 
tion in every art by the affiſtance of thouſands, than by 
the mere efforts of his own labour and genius. 
Another wiſh has been formed, that the effects of dif- 
ferent genera and diviſions of the muſical ſcale might be 
tried upon this little muſician; but the ſucceſs of ſuch 
an experiment is not difficult to divine. An unculti- 
vated ear would as naturally like the moſt plain and com 
mon muſic, as a young mind would beſt comprehend the 
moſt fimple and evident propoſitions: and, as yet, the 
attention of cRoTCH cannot be excited by any muſical 
refinements or elaborate contrivance, 
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It has likewite been imagined by ſorne, that euity child 


might be taught muſic in the cradle, if the experiment 
were made; but to theſe it may with truth be ſaid, that 


ſuch an experiment is Zaity made on every child, by every 


mother and nurſe, that is able to form a tune, on every 
part of the globe. In Italy the ninne nonne, or lullabies, 


are fragments of elegant melodies, become common and 


popular by frequent hearing; and theſe, though they help 
to form the national taſte, are not found to ſtimulate the 
attention of Italian children to melody, or to accelerate 


the diſplay of muſical talents at a more ** period than 


elſewhere. 


Premature powers in muſic l have as often furprixed by 


ſuddenly: becoming ſtationary as by advancing rapidly to 


the ſummit of excellence. Sometimes, perhaps, nature 
is exhauſted or enfeebled by theſe early efforts; but 


hen that is not the cafe, the energy and vigour of her 


operations are ſeldom. properly ' ſeconded, being either 


impeded and checked by early felt-complacence, or an 


injudicious courſe of ftudy; and ſometimes, perhaps, 
genius is kept from expanſion by ill-choſen models; ex- 
cluſive admiration, want of counſel, or acceſs to the moſt 


excellent compoſitions and performers in the claſs for 
which nature has fitted thoſe on whom it is beſtowed. 
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XIX. Account of a new Method of cultivating the Sugar 
Cane. By Mr. Cazaud; communicated by Joſeph 
Banks, a. P. R. 8. 1 | | 
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THOUGH the work which I have 182 honour to 1 
before the Royal Society was undertaken entirely with | 


1 11 — fl - 
a view to private adyantage, it it appeared to. me not en- 1 
tirely deſtitute of public utility, were that utility no 
other than what may ariſe from there exiſting a; regular 


hiſtory of a plant which is Worth nine millions feerlin 8 | 


to Europe. 
- The uſual method of cyltirating the ſugar e cane ap- 


vations s than the reſult of ſuch | as. ou acht! to have been 


purpoſely made. wee | 
The methods in uſe, before mine, are reducible to 
two. 


LOUVRAGE que j "ay Thonneur de prefinter et de ſoumettre au jigement 
de la Societe Royale de Londres, entrepris uniquement pour des vues particu- 
lieres, m'a paru ſuſceptible d une utilité generale, quand il ne devroit pro- 
duire qu'une diſcuſſion ſur une plante qui fournĩt a a Europe une reproduction 
annuelle de neuf millions ſterling. 

La culture ordinaire de la canne me paroit plutõt Etre le fruit de quelques 
obſervations generales que le reſu ! tat de celles qu on auroit du faire. 

On peut reduire à deux methodes, les ſyſtemes Etablis avant celuy que je 
propoſe, 

Vor. LXIX, | E e L' une 
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Mr, AUD Method 'of, * 
T he one conſiſts in making ſugar in almoſt all ſeaſong * 
indifferently Yo conſequently i in planting rather (it one | 


4x} 754 10 . 12 7) 18 
may ſo 0 650 W ien the planter 18 beſt Prepar Tor! his 
whi ch is delt ſuited to the eflen./ 
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work, than at the le 1 1 te 
tial en nd, , which I ubtec y tho U uid t be, 70 get + from the 
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earth, all tha can be 2 from its ys tfulneſs after ter 
due allowance has been made for tbe di ferent circumfaance 
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of the 27 wth of tbe cane, aud tbe revolutions it undergoes 
in the di Hereni. 


This | firſt method aroſc on e Want of proper 
obſeryations, and the emi of procuring the num- 


Ti - bu 


ber of negroes "requiſite te to work in another manner; 
ſo that the deſire of cultivating a greater quantity 


of land always having kept pace with the augmen- 
tation 


Lune conſiſte 3 faire du ſucre preſque indiſtinftement en tout tems, et conſ- 
quemment 3 planter, il eſt permis de le dire, plut6t dans le tems on Fon eſt 
le mĩeux arrange pour cette operation, que dans celuy qui conviendroit le plus 
au but eſſentiel, qui doit Etre, de tirer de la terre tout ce qu on peut efpirer de ja 
fertilits, combinte avec les diferentes circonflances de Paccroiſſement 4 la canne, et du 
revolutions u elle eproxve dans les difftrentes ſaiſons. . 

Cette methode a ẽtẽ une ſuite neceſſaĩire de la diffculté qu'on avoit dans le 
Principe de ſe procurer la quantite de negres qu'il auroit fallu pour travailler au- 
trement, jointe au manque d obſervations qui puſſent encore diriger. Le defir 
de cultiver une plus grande quantitẽ de terre augmentant avec le nombre des 


negres, 
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ratidri of the negroes, the latter muſt of courſe have been 
always inadequate to the work; whence the only change 
ſuch à method of culture could ever admit of conſiſted 
in making a little more ogar in in a . er and a 
little leſs in a bad one. 

The ſecond method, which I call the ſyſtem of culti- 
vation in the great way, and is that which has been either 
originally followed or adopted wherever the number of 
negroes has been anſwerable to the aſſurance the ſlave- 
merchant had of receiving the price he had agreed to 
take for them, conſiſts, firſt in planting a fourth or fifth 
of one's land in October, November, and December, 
when, all the other buſineſs of the plantation being 
finiſhed, there is time to give to this — one all 


the attention Eels. VIE; 14-3 C49%. Qt 
5 ally, 


© — 
— — 
— * EEE — —. 


W — — —_ —— — — » 


negres, dont la quantits ſe trouvoit toujours ainſi dif proportionee aux travaux, 
le ſeul changement que Pavidits d'ctendre'fes plaritations ait pu admettre dans le 
premier plan, a donc ẽtẽ de faire un peu plus de or dans la bonne ſaiſon et un 
peu moins dans la maus aiſe. 

L'autre methode que jappelle le ſyſteme de la inal culture a ẽtẽ ſuivie on 
adoptẽe duns tous les pats oũ la facilite de ſe procurer des negres a ẽtẽ propor- 
tionnce à Pavantage qu'on avoir ſoin @affurer au marchand, d'en recevoir le 
payement aux termes ſtipulẽs. Cette methode conſiſte, 16, à planter le N 
ou le cinquieme de fa terre en Odobre, Novembre, et Decembre, parce qu 
alors tous les autres travaux etant inis, on eſt tout entier à cette n 
importante. 
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21 
adly, Indigging very deep trenches, becauſe the deeper 
the trench the greater the nouriſhment of the root. 
3dly, In planting at great diſtances, by which the air 
circulates) more freely between the plants, and by that 
means * them a quicker ane more 1 ma- 

turity. | CHIEN 130 £3900 
| | Finally; i in cutting che canes in the four fineſt mamths | 
of the year, to wit, in February, March, April, and May, 
becauſe. the ſugar is then the fineſt, is cut with the 
leaft trouble, and (at leaſt as is n 18 n in 

greater quantities by the canes. jk 

Where this method is widowed, about thave fs 
of the plantation is cut, the remainder is made up 
partly of young canes, which can only be cut the 
following year, and partly of ſuch as muſt neceſ- 
ſarily be ſacrificed and reſerved for the purpoſe of 
| getting 
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2, à faire des folles tres TY parce que les racines trouvent ee 
nourriture dans une plus grande profondeur. 

3", a planter à de grandes diſtances, parce que Pair * mieux entre les 
Nag. et leur procure une maturits plus prompte et plus parfaĩte. 

4 enfin, 3 faire la recolte pendant les 4 mois de la plus belle ſaiſon, Fevrier, 
Mars, Avril, May, parce qu alors le ſucre ſe fait plus ailement, plus beau, et 
que les cannes, dit-0n, en donnent une plus grande quantite, 

On coupe dans ce ſyſteme environ les trois quarts de la terre deſtinée aur 
eannes; le reſte eſt partie en jeunes plantes qu'on ne peut couper que Pannee 


d"apres, et partic dans quelque portion de terre ſacrifice neceſſairement pour le 
procurer 
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getting the plants which are wanted after the crop is 
over. erer 1 - 

My own method, which I now proceed to explain, is 
this: 1 employ the whole of the fix firſt months 
of the year in the buſineſs of the crop, and in May 
and June plant the canes which have been cut in Ja- 
nuary. This of courſe induces a neceſſity of cutting 
the rattoons at the end of the eleventh inſtead of the end 
of the twelfth month, and the planted canes, which 
ſhould.ſtand fifteen months, at the end of the year: in 
return, the: whole plantation is cut every year. 


| rattoons-one, and the planted canes three months before 


not being ſufficiently ripe. - Theſe objections I mean 


that 
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procurer le plan dont on a beſoin dans une ſaiſon on la recolte eſt deja faite. 

Je propoſe d employer en entier les fix premiers mois de Panne à faire la 
recolte, et de planter en May et Juin, les cannes coupees en Janvier, ce qui 
entraine la neceſſitẽ de couper toujours; les rejettons à onze mois au lieu de les 
couper a douze, et les cannes plantees à un au lieu de les couper à 15 mois: 
mais on coupe chaque annee toute la terre deſtinẽe aux cannes. 

On objecte à ce ſyſteme, oatre la perte qui reſulte de Panticipation d'un mois 
de coupe pour les rejettons, et de trois mois pour les cannes plantees, le defaut de 
maturitẽ qui ſuit de cette anticipation; je reponds a ces objections par hiſtoire 

de 


It is objected, that beſides the firſt loſs from cuttingthe 
their time, there is a ſecond which ariſes from what is cut 


to anſwer by the hiſtory of the cane, that of the ſeaſons, . 


| 
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that of the effect of thoſe ſeaſons, and from experietice 
After this, as it is an advantageous conſequence 
(though not a fundamental principle) of my method, 
that 1 only plant a ſixth part of my land every yer 
and it is objected to this, that there are ſome ſoils which 
will not give ſo much as a ſecond crop, I endeavour to in- 
veſtigate what cauſes can deprive a plant propagating by 
the gem of its power of giving ſhoots ad infinitum, and | 
find none but ſuch ariſe from a bad method of cultivation; 
Having written in the beginning only with a view of 
inſtructing my overſeer, and by no means with the pre- 
ſumption of adding to the treaſure of natural hiſtory by 
the account of a plant which deſerves the pen of a Buro 
my obſervations (though I flatter myſelf extended to 
ever 
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de la canne, des faiſons, de leurs effets, et de experience. 

Je ne plante auſſi annuellement que le ſixieme de ma terre, mais ce n'eſt pa 
Particle fondamental du y ſteme, il me paroit ſeulement en ẽtre une ſuite avau- 
tageuſe: cepcndant comme an objete contre cet article, Vimpoſſibilite prt- 
tendue, meme d'une ſeconde coupe dans certaines terres, je cherche les raiſom 
qui peuvent anncantir, dans une plante vivace par ſa racine, la facultẽ de rejet- 
tonner juſqu'a la conſommation des ſiecles; ; et je ne puis les trouver que dans un 
mauvais {yſteme de culture. 

Quoique je n'aye ecrit dans le principe que pour inſtruire mon œconome, et 
point du tout avec la preſomption d'enrichir le depot d'hiſtoire naturelle, de 
celle une plante digne de la plume d'un Burrox, je ne crois pas cependant 


qu'il y ait un ſeul point intereſſant de cette hiſtoire qui m'ait echappe, mais tous 
3 etoient 


| „ 
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ry material point) were ſcattered, confuſed and drawn 
up in the natural order they offered themſelves to me, 
when the neceffity of diſcuſſing or defending any part 
of my Nr obliged me to ſtudy the nature of the 
plant, to try | to find d out the rx reaſon of 2 phenomena 
which the” Experience of 1 many years had taught me the 
exiſtence of; Sat I have been obliged t to follow a different 

method now that theſe obſervations are to be ſubmitted 
to the Balüral j Jude Ses of & every thin g that can have influ- 
ence upon the } progreſs of uſeful knowledge. In order 
to form a proper jud gment of the merit of the mode of 
culture 1 propoſe, it is neceflary 1 to be acquainted with 
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the plant and the climate in which it t grows. 


Ober- 
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etoient epars, ſans ordre, comme ils 8'etoient preſentes, 3 meſure qu'il falloĩt 
diſcuter et etablir quelque partie de mon ſyſteme, et que j ẽtoĩs oblige de chercher 
dans la nature de la plante, la raiſon de quelque phenomene que plukeurs 
annces d experience m'avoient fait obſerver. Mon deſſein en les rapprochant, 
etant de les preſenter aux juges naturels de tout ce qui peut influer ſur le progres 
des connoiſſances utiles, jay du ſuivre une autre methode: pour apprecier la 
eulture que je propoſe il faut connoitre la plante, et le climat oũ on la eultive. 
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till February; conſequently there i is a ſucceſſion of nine 


Lo Y 
2 


Obſervationt on the climate. 


1n the Windward Iflands, the weather is commonly dy 
from the 1 5th of February to the 1 5th of May. The 
rains are moderate till Auguſt; they are very copious the 
two or three followin g months, and afterwards decreat 


months rain, and of three months dry weather. 771 The 


annexed table ſhews the quantity of rain fallen at Gre- 


nada in the Eaſt quarter from the firſt of June 1. 77 2 to 


the firſt of June 1773, and this i is the rain of a com- 
mon year. 


Tabl. 
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Obſervation * le climat. 


Dans les Iſles Antilles, du 15 Fevrier au 15 May, il fait ordinairement ſe 
les pluyes ſont moderees juſqu en Aouft, elles ſont tres fortes pendant les deux ol 
trois mois ſuivants, elles diminuent enſuite juſqu'en F evrier: voila done une 
ſucceſſion. de neuf mois de pluye ſuivie de trois mois de ſec; voici le tableau & 
la pluye tombee à la Grenade dans la partie de Peft depuis le 1 Juin 1772 
juſqu'au 1 Juin 1773; c'eſt le tableau d'une annee commune. 
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Table of rain fallen in the Eaſ quarter of Grenada from 1 


Total of inches of rain, 116 
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the 1/2 June 177 70 the 1/8 of Fune 1773. 
In. Tenths of an inch Eng, meaſure, 
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juſſu au 1 Juin 1773. 


uin — 9 
„Juillet — 13 

els ** 
I Septembre — 19 


- Octobre = 12 
Novembre 9 
I 


Decembre 

1 * 9 
evrier — 5 

Mars = 2 


Avril <= O 
May = 2 


Total des pouces d'cau 116 
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Hiſtoire 


* a . = 1 un 4 ko F "I * Fe 

” 2 5 EY \ 1 — OY 9 * Ka , * „ * * 1 
* * 0 = * . fl . Yo 5 5 3 — * * * * 9 \$ 
ed A A 7 Y y wy Be .” pr * 5 a k * as 

. rer 
P * WI "= | \ a "x * E323 9 th 
N „ * » 4 7 y 4 8 ov 4 
* 9 * "Y \ 
a. 6 . 


8 . 
* ®: * ' J * 4 n = 
* ry of mm” & = 4 *W RF 4 A n ia - * % As "—_ a o 
7 7 . . 4 A X m7 J; L +» b, 0 Sv f bi * , YL 2 rer 1 + Os my 1 * 24 
dS Red a Ane | «4 56 , - *%s. {Md „ . 1 | * 
> >. dts = * * ee. . * = us 1&-. iu hot eos Saas © a I} " 
, * * * 0p f l l f * of  ” a . V of . C -7 *w - © "RI * 
* R e 8 A | . 
77 en * . * 6 « i. 1 *. . , * L * * * Vac * 9 Ty 
7 I; „ » 2 q oy * ” 9 - * , ** 1 . 
\ 1. 2 F * N * * n 9 * * 7 * . Y% 1 TY Y 
* | ks. -- 
= W =. 


MW. CAZAuD's Method of 


The natural hiſtory of the cane, 


* 


There are but few of the minute particulars I an 


going to mention, but what are ſome how or other con- 


. nected with my method. 


The upper part of the cane, commonly called the 


Head, is the beſt plant that can be uſed to propagate It 
ſee fig. 7. ſee likewiſe fig. I.; it is the part from / to n, 


which in this figure is without its leaves. It is a known 
fact, that the body of the cane does not come up well, 


unleſs there are continued rains from the time of its be- 


ing put into the ground, till all the ſhoots are out and 


Pretty ſtrong. 
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Hjftire naturelle de la canne. 


It eſt peu des details minutieux dans leſquels je vais entrer qui n'ait un n 
port quelquonque avec mon ſyſteme. 

La partie ſupericure de la canne appellee communement la tete, eſt le meil- 
leur plan dont on puiſſe fe ſervir pour la multiplier, v. fig. 7. v. auſſi fig. 
c'eſt la partie depuis / juſqu'a , elle eſt dans cette figure depouillee de fa 
feuilles: il eſt reconnu que le corps de la canne ne reuſſit point 3 moins dune 
pluye continuelle depuis le moment qu'il eſt en terre, juſqu au moment ou tou 
les i Jets ſont ſortis et afſez vigoureux. 
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2 of the rootys of the 1 cane, and of its ; produc: 
tions under ground. 


If the plant be put into the ground as ſoon as it is cut, 
and the weather happens to be very hot and dry, a fort- 
night often paſſes before the eye can diſcover any altera- 
tion in the two or three moſt promiſing joints; the firſt 
being too hard (ſee @ fig. 2.) become immediately dry; 
the others (ſee from y to 2 in the ſame figure) are only 
graſs, and produce nothing, unleſs when the laſt hap- 

pens to ſhoot at its extremity. 

When the dry weather continues, but ſo 2 as not materi- 
ally to affect the ſoil in contact with the inferior part of 
the plant, one diſcovers at the end of three weeks, about 


that part of the joint which lies undermoſt in the trench, 
e 


Hiſloire des racines de la canne et de ſes productians en terre. 


1 Si le plan eſt mis en terre auſſi t6t qu'il eft coupe, et qu'il ſurvienne de 
grandes chaleurs fans pluye, il eſt ſouvent quinze jours ſans que Veil decouvre 
la moindre al teration dans les deux ou trois nœuds de la plus grande eſperance; 
les premiers, trop durs, v. a, hg. 2. ſont d'abord deſſechès; les autres, her- 
baces, v. y juſqu'a z, ne produiſent rien a moins que le dernier ne fe developpe 
par ſon extremĩtẽ. 

Si le ſec continue et qu'il ne ſe faſſe pas ſeatir vivement juſqu'à la terre qui 
wuche la partie inferieure du plan, ou decouvre apres trois ſemaines à cette partie 

„ du 
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ſome white fibres of about half a line in len gth and 
thickneſs: notwithſtanding, however, this beginning of 
vegetation, the plant ſtill dies, unleſs i2rains, before the 
ſoil in contact with theſe ſmall roots be entirely dry; at 
leaſt I have always found the earth dry under theſe ſmall 


roots, when, in conſequence of along drought, the plant 


from which they had come was entirely dried up. But! 
have ſeen plants, put into the ground as ſoon as cut, put 
forth one, and ſometimes two ſprigs at the end of fix 
weeks, though they had been deprived of rain for above 
a month. When the plant i is ſomewhat withered, that 
is, when it has not been planted till ſome days after 
having been cut, it thrives ſooner when aſſiſted by rain, 
and dies ſooner when deprived of it: the reaſon I take 
to be this, it could not wither without lofin g ſome 
part of that moiſture which' it contains, and which it 

ils 20 Wal 
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du nœud qui touche le fond de la foſſe, quelques fils blanes de la longueur et de R 
groſſeur d'une demi ligne: après ce commencement de vegetation,. le plan meurt 


sil ne pleut pas avant que la terre qui touche ces petites racines ſoit entiẽrement 


defſechee, ou du moins jay toujours trouve la terre ſeche ſous ces petites racints 
lorſqu' après un long ſec, Jay. trouve le plan qui les avoit donnees entiẽrement 
deſſechẽ; mais Jay. yu du plan mis en terre auffi-tdt que coupe prive de pluje 
pendant plus d'un mois donner un. et quelquefois deux jets apres fix ſemaines: in 
le plan eſt un peu fanne, c'eſt a dire coupe quelques jours avant d'etre mis en terte, 
11 leve plus vite s'il eft ſeconde de la pluye, et meurt plutot gil en eſt prix, 


yarce qu'il n'a pu ſe fanner ſans perdre une partie de Peau qu'il contenoit, — 
— Kt St 9 1 1 
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— to preſerve it from the dryneſ s of the ſur- 
wunding earth, which earth itſelf alſo probably 
ſacks up part of its humidity : r am, therefore, apt 10 
tbink, though con trary 2 the opinion of a great many peo- 
ple, tbat it is ref to put 1 be Plant mnt 0 the ground as N as 
i is cu. | 

adly, We all along ſuppoſe. the weather to be tolera- 
bly favourable; then, when the ſmall roots, which 
ſprout about the joint when the ſurrounding earth has 
its proper degree of moiſture, are of the length: of a line 
and a balf or two lines, the bud. adherent to it ſwells; > 2. 
few days after if lengthens horizontally in the direction 
of the plant, ſee b, „fig. 2.5 it NEXt deſcribes a ſpiral, c; and 
at length comes out of the earth like the point of an ar- 
row, d. "Theſe are what we call the firſt productions; 


they are the immediate Nn of the plant. The 
| ſhaft 


1545 
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il auroit. eu beſoin pour ſe. ſoutenir plus longtems contre la ſechereſſe de la terre | 
qui Penvironne, et qui probablement pompe meme une partie de ſon humidité: = 
Je crois donc contre. Fopwion de beaucoup de gens gu il vaul mieux- mottre l. bun en A 
terre aufſi-tot qu il g cu . | 

2˙ Nous ſuppoſerons. un tems aſſes. favorable;.lorſque ces petites racines qui 
ſe 1 a Pentour du nœud fila terre eſt par tout humide, ſont longues d'une 
ligne et demie ou deux, le bouton qui luy eſt attache paroit gonfle, quelques 
jours apres il H allonge horizontalement, v. B, fig. 2. ſuivant la direction dans la 
quelle le plan eſt couche, enſuite il decrit une ſpirale, v. c, meme figure, et ſort 
de terre comme une pointe de fleche 4. C'eſt ce que] appelle les premieres produc- 


tions, 
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ſhaft of the arrow then breaks, the two firſt leaves ex- 
pand, ſee e, e, fig. 3. and riſe from twenty-four to thirty 
inches high. "Theſe are, properly ſpeaking, the leaves 
of the Plant, I ſhall call them tha external leaves, though 
they are in fact incloſed within a quadruple ſheath of 
ſeminal leayes, ſee h, J, J ; but theſe laſt riſe but a very 
little way out of the ground. 1 believe, that the joint, to 

which the laſt leaf of this external caſe | 18 faſtened, , Ought | 


Sa. AA= 3:4 ed 


plant which divides its lower part (hat which produces 
nothing above ground) from its upper part, which pro- 
duces things of various kinds; ; at leaſt, I have never ſeen 
any thing produced by this lower part, except theſe four 
ſmall leaves, and ſome roots. 0 


11 
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tions, qui ſont les productions directes du plan, Deux ou trois jours apres, |: 
faiſceau qui compoſe cette fleche ſe developpe, les deux premieres feuilles ſe de- 
ployent, v. ee, fig. 3. elles gelevent juſqu'a 24 et 30 pouces, ce ſont les feuilles 
proprement dites de la plante; je les appellerai ext-rieures quoiqu'elles ſoĩent dans 
leur origine enveloppees dans un quadruple etui de feuilles feminales, v. / % fi, 
meme figure, parce que celles cy ne S elevent que tres peu au deſſus de la terre: 
je crois que le nœud auquel eſt attach la dermere feuille de cette enveloppe 
doit etre regarde comme le collet de la plante qui diviſe fa partie inferieure qu 
ne donne point de produttions hors de terre ꝙ avec fa partie ſuperieure, d où il 
en ſort de toute eſpẽce: je n'ay du moins jamais remarque dans cette partie inſe- 
rieure, d' autre production que ces 4 petites feuilles ct des racines. 
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zZ3aͤly, T in the external leaves are eight or ten inches 
highs all the nouriſhment which the plant receives from 
the earth ĩs hy. the roots which have ſprouted about the 
joint to which the bud from whence it was produced was 
faſtened: theſe may, therefore, be conſidered as a et of 


roots of the Hft order, lee fig. 5. n. I. 
4thly, But when that time comes, the ſeminal Ieaves 


which formed the ſheath, wither, grow red, ſoon after 
dry up, and are finally driven away by a ſet of roots of 


the ſecond order, which appear in the places to which 


each of theſe ſeminal leaves were faſtened. The fourth 


figure ſhews the young plant deprived of its four ſeminal 
leaves, and provided with its ſet of roots of the ſecond 
order, ſee N* 2, which have taken their place. 


5thly, 


35, Juſqu' au moment og les feuilles exterieures ſont hautes de 8 à dix pouces, 
la terre ne tranſmet de nourriture à la plante que par les racines ſorties à Ven- 
tour du nœud auquel etoit attachs le bouton qui Va produite, et qu'on peut 
regarder comme un premier ordre de racines, v. F. $..n. 1. 

4, Mais alors les feuilles ſeminales qui compoſoient Penveloppe, ſe fannent, 
rougiſſent, peu ie tems apres ſe deſſechent, et ſont bientõt chaſſces par un ſecond 
ordre de racines qui paroifſent à l' endroĩt od chacune des feuilles ſeminales etoit 
attachee, la fig. 4. preſente la jeune plante denuce. de fes quatre feuilles. 
— pourvũe de on oage ordre de racines, % 9". 2. 998 5 pots thee 
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gent Bach 6f the externdl leaves mentioned ini the 
Fecond article (I mean thoſe which appeared firſt) an 
nkewiſe ſo many indications of joints in the ground; 5 
much the more diſtinct, the more vigorous the leaf is; 
and in proportion as each of theſe leaves dries, each of 
the joints ſucceſſively produces a rot of roots Which 
conſtitute the hid /et, ſee No 3. fig... 

It is to each of theſe rows of roots that the joint 
faſtened which is to furniſh the ſuckers which I call the 
ſecond productions. The fifth figure ſhews the plant 
without either its ſeminal or its external leaves, the joint 
of which : are in the ground. It appears provided With itz 
firſt ſecond, and third ſet of $i oots, N* I, 2, 3. Each roy 
of this tlurd ſet of roots is intended either to nouriſh the 


. to come out of the joint which is faſtened 
EE; {0 
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4 H des feuilles xtiricures mentionnces I Partide'2 - (Pentends le 
| premieres ſorties) annonce au” un gteud en terre ꝙ autant plus diſtinct que ! 
Feuille eſt plus vigoureuſe, et à meſure que chacune de jes feuilles ſe de ſſeche, 
chaque nœud donne eee vil act bt r . why urn * troiſim 
ordre, v. Ne 3- fig. 8. e 0 
Cet a chacun de ces Wd de acti: queſt dens le oo" qui doit Jonne 
les jets que 3 7 appelle ſecondes Fasel La Bgure 5 preſente la plant 
-denuce tant de ſes feailles ſeminiales que de ſes feuilles exterieures dbnt les an 
ſont ea terre; elle pardit auln pôürvüe de {6h preinicr ordre de racines No 1, © 
ſon ſecond ordre de racines N* 2, et du Ly No 3, chaque plan de ce 3˙ ordre dt 


racines eſt deſtine a nourrir la plante qui fortira du bouton qui luy eſt attachẽ, 


* * — — 
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to it, if the ſeaſon be favourable enough, or if either the 
ſcaſon or cultivation be unfavourable to the birth of this 
bud; in that caſe, the roots are to contribute to the 
; nouriſhment of the plant already formed, 
f 6thly, Let us now go back a little. Suppoſe the ſeaſon 
always to continue favourable, and the firſt ſhoot to be 
out of the earth a fortnight or three weeks after plant- 
ing, conſequently the ht ſet of roots formed. 
At five or fix weeks end the ſeminal leaves are ex- 
pelled by a ſecond ſet of roots. In nine or ten weeks 
the firſt of the external leaves begins to give way to the 
firſt row of the third ſet of roots. | 

About the twelfth or fourteenth week the bud which 
adheres to the joint which forms the firſt row of the third 
ſet of roots ſwells, opens, and likewiſe appears like the 
ſhaft 
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la ſaiſon eſt afſez favorable, ou bien à nourrir ſeulement la plante dja formee, fi. 
le defaut de ſaiſon ou de culture S oppoſe au developpement du bouton. : 
6*, Revenons ſur nos pas, ſuppoſant toujours la faiſon favorable, et le premier 
jet ſorti de terre apres quinze jours ou trois ſemaincs, conſcquemment le premier 
erdre de racines deja forme. 
A 5 ou 6 ſemaines les feuilles ſeminales cedent au ſecond OY deracines. A 9g 
du 10 ſemaines la premiere des feuilles exterieures commence 2 ceder au premier 
plan des racines du troifieme ordre. 
A 12 ou 14 ſemaines le bouton attach au nœud qui forme ce premier plan de 
racines du 3 ordre, ſe gonfle, ſe developpe et paroit auſſi comme une fleche, 
Vor. LXIX, G g | v. 
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Maft of an arrow, fee j fig. 8. This is the inirriediate 
growth or production of the main ſtem alfeudy fbrmed. 
The buds Which adhere to the ſecond, third, and fourth 
row of the third ſet of roots Hkewiſe unfol#'and ap- 
pear in regular ſuccefſion during each of the following 
weeks, if the rains continue. Still, however, theſe are 
otity ſeeond Produt nonr. The ird are thoſe which come 
out of the ſecond in a month: 6f five weeks after, / Ide 
rains continue, Tee g, fig. s. But we muſt not forget to 
obſerve, with reſpect to the /ecb71d productions, that an 
exceeding favourable ſeaſon being neceffary to their ap- 
pearanice, and this twelfth or fourteenth: week (from the 
circumſtance of the plantation, beiſig began in October 
or November) falling out in February or March, which is 
* uſüal time of the e greateſt a ay Gs be 
kept 
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v. Ge. 5. Ceft une produRtion propre de la ſouche ach formee: les boutons- 
attaches au 2*, F, 4*, &c. plan de racines de ce 37 ortre, ſe developpent auff et 
paroiſſent ſucceffivement chacune des ſemaines ſuivantes / la pluye continue, mas 
ce ne ſont encore que des fecondes productions. Les troifiemes produZtions ſeront 
celles qui un mois ou cinq ſemaines apres ſortiront de ces ſecondes, v. g, fig- 5+ 
fa pluye continue. Mais ce qu'il ne faut pas oublier par rapport aux ſecondes pre- 
daftions, C eſt qu'elles ont. beſoin pour paroitre dune ſaiſon tres avantageuſe, et 
que cette 125 ou 14 ſemaine dans laquelle elles doĩ vent paroitre ne tombant eu 
egard aux plantations de Novembre et Decembre, qu' en Fevrier on Mars, tems 
du plus grand ſec qui ſuſpend preſque entierement la vegetation dans la tere 
1 decouv erte, 


cntiu⁰tting Sugar Canes. 267. 
kept back, and only appear the May, * June Menne, 
after the rainy ſeaſon has ſet in. ber $$ Horan 

The fifth figure repreſents the bud 00 which adberes 
to the firſt; row of the third ſet of roots, quite come 
out, and appearing above ground like the ſhaft of an ar- 
row f. This is the ſecond production. The ſame. figure 
n repreſents the bud (c) unfolded and appearin 8 
in g. This is the third production. It comes out of the 
firſt row of roots of the plant hs which muſt be conceived 
in a; more advanced tate * ini, is in the 
figure. # ahne Hide Hag . | 

The time of, a . — fon. the . 
ſive appearances of all theſe different vegetations, ſcent to 
me ſo many proofs of the fundamental part of my me- 
thod, to wit, the neceſſity of planting in the only Jeaſon 
fitted to accelerate and preſerve them. 


| | The 


— —— ad: terre ae paroitront. x don, — 
May ou Juin ſui vant, lorſque les pluyes ſeront decidees, | 
La figure 5 preſente le bouton () du premier plan du x ordre de racines de- 
veloppe et paroiſſant comme une pointe de fleche Thors de terre que nous ſup- 
poſons a. Ceſt la ſeconde production. La meme figure preſente auſſi le bou- 
ton (e) developpe, et paroĩſſant en g. Ceſt la 3* production, elle fort du pre- 
mier plan de racines de la plante F qu'on doit ſuppoſer Plus ayancee qu'elle n'eſt 
repreſentee ici, 

Le tems et les conditions du developpement des ces diferentes productions me 
paroiſſent autant de preuves de la partie fondamentale de mon ſyſteme, ſgavoir, 
ia neceſue de Planter dans Punique . ſaiſon qui ; fait propre d hater et eniretenir ces 


appements, 
G g 2 Les 


228 Mr. cazaup's Method of 
The nine months during which you may reaſonably 
look out for a continuation of rain are from the 15th | 
of May to the 1 5th of February. The progreſſion of 
the rain keeps, as it were, pace with that of your cane 
when they are planted in May. Moderate in the begin- 
ning, more conſiderable afterwards, very copious when 
your canes are big enough to have nothing to fear from 
them, er leſſen gradually as the time of the nn 
near. It lte 6 2415 144; 2443 5s IC | 
27 Whenever 1 ſtubbed up hes ute ad 
which had been ten months in the ground, I always found 
a portion of the woody part of the plarit very ſound: 
the medullary part was rotten. This made me think that 
every planted cane continued, for the whole time of its 
duration, to deri ve. its nouriſhment not only from the 
roots of the ſecond and third orders (Which may be looked 
| upon 
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11 Les neuf mois on on peut raiſonnablement eſperer une continuation de 
| pluye, ſont depuis le 15 May juſqu'au 15 Fevrier. Les pluyes augmentent pour 
| | ainfi dire avec vos cannes planices en May ; foibles d abord, plus confiderables 

enſuite, et par averſes lorſque vos cannes font aſſeꝝ grandes pour ne les plus re- 

douter, ceſſant enfin par degrẽs à meſure que le tems de la coupe approche. 
| 7, Lorſque Jay deracinẽ des ſouches qui provenoient d'un plan mis en terre 
| depuis dix mois, jay toujours trouve tres ſaine une portion de la partie ligneuſe 
| du plan; la partie medullaire etoit pourrie; et Pay cru que chaque canne plantit 
continuoit done pendant qu'elle ſubſiſtoĩt à tirer ſa nourriture non ſeulement du 


| ſecond et du troifieme ordre de racines qu on peut regarder comme ſes racines pro- 
; pres, 
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upon as s Own roots) but likewiſe from thoſe of 
me firſt, that is, from thoſe which had ſprung about 
the joiit +0. which the button which produced it was 
faſtened. Fig - 6. repreſents an entire cane (a) ſprung 
from the plant b, the woody part cc, was as ſound 
at the end af ten months as when it was put into 
the ground the medullary Part Was entirely rotted as 
was likewiſe the herbaceous, dddd, which forms the 
top of the head. There is no doubt but the medullary 
part affords the bud the ſame nouriſhment as the lobes 
of almonds do to to the germ which they contain. 
gchly, Whenever I ſtubbed : up che ſtumps of a plant 
which had been thirteen months in the ground, and the 
canes of Which had been cut a month or two before, 
always found all the woody part of the plant which be- 
longed to the ſtump rotten, the roots of the plant dried 


up, 


— — 


— : — _ „ K* PPR ü ˙.,ÜQ—— — —_ — 2 — 


pres, mais encore du premier ordre de racines, c'eſt a dire de celles qui ꝰetoĩent 
formees à Pentour du nœud auquel etoit attach le bouton qui la produite. La 
hg. 6. preſ inte une canne entiere a provenant du plan 6, dont à dix mois la 
partie ligneule ec etoit auſſi ſaine que lors qu'on Vavoit miſe en terre, la partie 
medullaire etoit entierement pourrie, ainſi que la partie herbacte add qui 
compoſe la partie ſuperieure de la tẽte: la partie medullaire fournit ſans doute 
au bouton la nourriture que les lobes. des amandes four niffent au germe qu elles 


contiennent. | 


855 Lorſque jay deracine des ſouches qui provenoient dun plan misen terre 
puis 13 mois, et dont on avoit coupe les cannes depuis un ou deux mois, Jay 
eujours trouvẽ pourric toute la partie ligneuſe du plan d ou proyenoit la ſouche, 


My. cazaup's Method of 
up, each of the young rattoons provided with its /ecoyy 
and third ſet of roots, and each of theſe ration; 
faſtened in the ground to the joint of one of the cane: 
which had been cut. This joint being ſtill green, I con- 
cluded, from the fame kind of reaſoning, that theſe ru. 
toons likewiſe drew their nouriſhment not only from 
their bwn proper roots, but likewiſe! from - thoſe of the 
joint they had come out aty juſt as the planted cane draw 
it both from its own ee and ———— nn 
it comes from. $f! Fat. Abu 
— been . denen 
ter the cane which it had produced had been cut, I began 
to ſuſpect, that canes of all ſorts, not omy the glanteũ but 
the ratioons likewiſe, never draw any nouriſhment but 
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11 les racines de ce plan deſſechẽes, chacun des nouveaux rejettons en poſſeſſion & 
1 fon ſecond et troifieme ordre de racines, et chacun de ces rejettons attache dans l 
L terre à un nœud d'une des cannes qu'on avoit coupecs, ce nœud etant encore 


Bi verd, y ay conclu que les rejattons jouiſſoient auſſi non ſeulement de leurs propies 
racines, mais encore de celles du nud dont ils etoĩent ſortis, comme la cans 
e eee eee eee e e eee 


origine. 


Mais comme le plan, ſuivant ce quion vient de voir veſt toujours tro 
pourri, peu de tems apres que la canne qu'il avoit produite a ẽtẽ coupe, Ja 
ſoupgonnẽ que toutes les cannes non ſeulement planties mais meme rejettons ut 


jauiſſoicnt jamais que des trois ordres de racinez dont jay deja parlẽ: ce qu ge 
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from the three ſets or roots of which 1 have ſpoken. 
This, if true, is a ſtrong argument againſt the pretended 
mtiquity of the ſtools, which are ſaid to be ten, fifteen; 
and even twenty years old. It is alſo a very powerful ar- 
gument in favour of my principe of the inutility of 
zeplanting uchen the ſtump is not raiſed above the- 
ground, ſince grant my ſuſpicion to be grounded, and it 
follows; cuον he olngſt of the meets of a ſtool, the canes of 
wbich-are cut huery year, cannot be above two years bid. 
gthly, In order then to clear up ſo· important a point, 
J ordered a ſtoob of canes, which had been planted about 
and for the laſt time about fix months before, to be- 
ftubbed up. The rattoons were very fine; there were 
upwards of eighty of them, ſmall and great (hardly a: 
ſxth part of this number uſually ſucceeds); the group, 
notwith-- 
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roit bien contraĩire à la vetuſtẽ pretendue des ſouches qu'on dit etre de 10, 15. 
er 20 ans: et ſeroĩt un grand argument en faveur de mon principe de Vinutilite ' 
de replanter, lorſque la ſouchie n'eſt pas ele ce au deſſus de la terre; puiſque dans 
le cas ou mon ſoupgon ſeroĩt juſte, Ia plus vieille de toutes ler racines d'une ſouche 
dint on coupe les cannes tous lis ant, n' auroit pas au dela de deu anntes. | 

9', Pour eclaircit un point auſſi important jay fait deraciner une ſouche de 


eannes Plantees depuis quatre ans, coupe reguliẽrement chaque annte, et pour © | 

la derniere fois depuis fix mois : les rejettons etoĩent fort beaux, il y en avoit- 

Pts de g; tant grands que petits (il en reuſſit rarement la fixieme partie) la 
| | toulle- 


232 Miro cxnaunr's Mitbowhof | 
notwithſtanding, was not above ten inches in diameter 
' hen it came out of the ground. In order not to injure 
it, I ordered ſix inches of the ſurrounding earth to be 
taken up with it. When I had had it waſhed and freed 
from all extraneous earth, I found: no veſtiges of any 
wood but that of the canes which had been laſt cut: | 
then took each rattoon apart, and found it faſtened to 2 
joint of theſe laſt canes, which joint was ſtill green. 
examined the remains of each of theſe laſt canes, and 
found the kind of bulb, ſee u, fig. I. by which they had 
been faſtened to ſome joints of canes of the preceding 
year, entirely dried ap. I met with no appearance of 
this laſt cane, which confequently had rotted, and in 
place af it there was nothing to . but __ _ 
roots take a great while to rot. : 


JEN 
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touffe n'avoit cependant pas au dela de dix pouces de diametre a ſa naiſſanee hon 
de terre; pour ne la point endommager, j ay fait cerner et enlever avec elle fix 
pouces de terre a Ventour, et après l' avoir lavẽe et debarraſſce de toute fa terre, 
je n'ay vu de trace d aucun autre bois que de celuy des dexnieres cannes coupess; 
jay detache chaque rejetton ſeparement, et Jay vu qu'il etoĩt attach à un nœud 
de ces dernieres cannes, et que ce nœud etoit encore verd; Jay ſuĩvi les reſtes de 
chacune de ces dernieres.cannes, et jay, vu enticrement deſſechi Feſpece. d ombilic 
(v. u, fig 1.) par lequel ils etoient attaches aux nœuds de quelques cannes de 
Pannee precedente; je n'ay vu aucune apparence de cette ancienne canne, qui par 
conſẽquent 'etoit alors pourrie, on ne voyoit a ſa place que des racines deſſechees, 


les racines ſont afſez long tems a pourrir. | 
3 ' f Concluons 
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e we then, as I ſuſpected, that the rattoons as 
well as-the planted canes derive nouriſhment only from 

the three orders of roots of which I have ſpoke, with 
this difference only, that the firſt order of roots belong- 
ing to the planted caxes comes from the plant which is 
put under ground; whereas that of the rattoons comes 
from the part of the cut canes which continue in the 
ground after they have been cut, and which rots the fol- 
lowing year ſoon after the ſucceeding rattoons have ap- 
peared, ſo that the third order of roots of a cane which 
has been juſt cut becomes the firſt order of thoſe of the 
rattoon it is about to produce; which firſt order, as well 

as the ſecond, will rot the following year, when new rat- 
toons ſhall have taken the place of thoſe which tall 
then be cut. 


| 


The 
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Concluoas comme je l' avois ſoupgonnẽ que les rejettons ne jauiſſent comme 
les cannes plant&es que des trois ordres de racines dont Jay parle, avec cette 
difference que le premier ordre de racines des cannes plantees provient du plan 
mis en terre, et que celuy des rejettons provient de cette partie des cannes 
coupees qui reſte dans la terre, partie qui pourrira / annẽe ſuivante peu de tems 
apres que les rejettons ſubſequens auront paru; de forte que le troifieme ordre de 
racines Pune canne qu'on vient de couper, devient le premier ordre de racines 
cu rejetton qu'elle va produire, lequel premier ordre pourrira Vannee ſuivante 
ainſi que le ſecond, apres que de nouveaux rejettons auront ſuivi la coupe * 
aura faite des precedents. | 
Vox. LXIX. it 


H 
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The idea, therefore, of having ſtumps of fiſteen or 
twenty years ſtanding muſt be given up, ſince it is 
proved, that the oldeſt are thoſe of the laſt year but 
this idea being given up, it can never be afligned'ns 2 
reaſon for re · planting fo often. It will be ſufficient; 
therefore, to replant annually a ſixth of one's land: to 
ſpeak more correctly, it will always be uſeleſs to replant, 
as long as the ſtump is not raiſed above ground, and ibe 
ground about it is raiſau as it ou3bt to le by annual and 
wwelt-direFed labours. I fay, the ground about muſt 
be annually raiſed, for otherwiſe it is impoſſible but that 
the feet of the negroes and cattle muſt harden and ren- 
der it impervious to the roots which are to make their 
way every year. | Nenn il G925).i9855i7:: it 
It likewiſe appears of what conſequence it is to cut 
the canes in the ground in order to prevent the ſtump 
from 
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II faut donc renoncer à la pretention d'avoir des fonches de 15 et 20 ans, les 
plus vieilles ſont de Pannee precedente, et cette prẽtendue vetuſté des ſouches 
etant demontree fauſſe, elle ne doit plus etre une raiſon pour replanter auſſi fou- 
rent; il ſuffira donc de replanter annuellement la ſixieme partie de ſa terre, 0v 
pour mieux dire, il ſera toujours inutile de replanter eur la ſouche ur. ſera pus 
elevie au d:ſſus de la terre et ur par tes Tabours amnurlu et View furt em aura ſain dt 
foulever celle qui Penvironne, que les pieds des negres et des be ſtiaur quand on la 
travaille ne manqueroient pas d'affaiſſer à la longue, et de vendre Oe impe- 
netrable aux nouvelles racines qui doivent fe former chaque anne. - 

On voit auſſi combien il eſt * de Mu les cannes dans Ta terre, 262 
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from: 33fing.abqve;, ground, conſequently; how bad the 
method of moulding up the ſtumps, thought by ſo many 
people to be ſo good, really is; ſince it raiſes the ſtump 
every year, and ought, therefore, only to be adopted with 
reſpect to thoſe pieces one propoſes to replant the next 
year: then, indeed, Ms excellent, but in that ſingle caſe 
only. ö 02 | 5 
Hence likewiſe it appears, ae rattoons 1 are farwander 
at the twelvemonth's end than planted canes are at the 
end of thirteen. The firſt order of the roots of the rat- 
toons is in its full vigour at the inſtant of the crop; that 
of the-planted canes is ſeldom ſo at a month's end. 
We likewiſe ſee why the rattoons. of canes that have 
been cut at the end of ten, eleven, or twelve months, are 
always finer than thoſe of canes which have ſtood fifteen 
or ſixteen months; the woody part of the latter being 
BY | x much 
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dempecher la ſouche de gtlever; et combien.eſt mauvaiſe la maxime de re- 
chauſſer, que tant de gens trouvent ſi bonne, qui eleve cependant tous les ans la 
fouche, et qu on ne devroit ſuivre que par rapport aux pieces qu'on ſe propoſe de 
replanter Pannbe ſuivante, elle eſt excellente alors, mais dans ce cas ſeulement. 

On voit auſſi pourquoy les rejettons a douze mois ſont plus avances que les 
cannes plant6es ne le ſont à treize: le premier ordre de racines des rejettons eſt 
dans toute ſa force au moment de la coupe, celuy de cannes plantees Veſt rare- 
ment au bout dun mois. 

On voit auſſi pourquoy les rejettons des cannes coupees a dix, onze, et douze 
mois ſont toujours plus beaux que ceux des cannes couptesa 15 et 16 mois, le 

H h 2 bois 
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much harder is. exactly in the ſame caſe as the dad; tlie 
fart joints of. which. (as I obſerved; before) produced no 
ſhoots, - except- ns feaſon n to be nn | 
favourable: - - of Va th 1 N 093211 
Hence likewiſe we ſee, . one never n any fine 
We from the grounds which are called exhauſted: 

the planted canes in them are cut at the end of the fif. 

teenth or ſixteenth month; at which time the part of 

their wood which remains under ground, and out of 

| which the rattoons come, is extremely hard. Befides, this 

| is done in F ebruary, March, or April, months, as may 
be ſeen from the account I have given before of the ſea- 
ſons, not likely to produce miracles of vegetation. 
1 Hence, finally, we ſee, why it is not at all to be won- 
dered at, that the rattoons which I cut before the time 
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bois de celles cy beaucoup plus dur eſt dans le cas du plan dont Pay remarquẽ ey 
deſſus que les premiers nœuds qui etoient les plus durs, ne donnoient — 
iets a moins d'une ſaĩ ſon fingulicrement favorable. 

On voit auffi pourquoy Von n'a jamais de beaux rejettons dans ces terres que 
appelle epuiſces; on y coupe les cannes plantees à 15 et 16 mois, Ia partic de 
leur bois qui reſte en terre, et d ou proviennent les rejettons eſt alors tres dure, 
et F ailleurs cette coupe ſe fait en Fevrier, Mars, et Avril, et Pon peut voir gar 
le tableau de la pluye, p. 217. que ces trois mois ne ſont pas propres à _ 
des miracles de vegetation. | 
On peut conclure auſſi qu'il n'eſt pas etonnant que les rejetrons dont j Jay tow- 


jours antiCipE la coupe aient et (comme je Vay ẽprouvẽ) ceux qui ſe ſoient le 
3 : mieux 
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fould have been what I ever found them to be, thoſe 
which ſtood the beſt;-that nothing, on the contrary, ſo 
much improves . a piece of rattoons as cutting them be- 
fore the time; and that, therefore, this operation (a ne- 
ceſſary one when my method is followed) is not without 
its attendant advantage, which perhaps much leſſens the 
loſs which I have ſuppoſed to ariſe from it in page 213. 
rothly, Having waſhed and gently ſcraped as far up as 
their beginning (that is, to the kind of bulb I deſcribed) 
two rattoon canes, ſix months old; the one taken out of a 
damp, the other out of a very dry ſoil; the one with four 
teen joints above ground, on a length of twenty-eight 
inches; the other with only two joints, on a length of 
two inches; I found that the cane which had fourteen. 
joints above ground, had only five rows of roots of the 
third order on a length of an inch and. a half. under 
— 4 
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mieux ſoutenus; que rien n'eft plus capable de reparer une piece de rejettons que 
den anticiper la coupe; et qu'ainfi anticipation des coupes neceſſaire dans mon 
ſyſteme, n'eſt point ſans un avantage qui diminue peut-ẽtre bien conſiderable- 
ment ]a perte que Jay ſuppoſce, p. 213. 

10”, Apres avoir lave et gratte legerement juſqu'à leur origine Cuſquꝰ a cet eſ- 


longueus 
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pece d ombilic dont jay parlẽ) deux cannes rejettons de fix mois, Pune priſe dans 
un terrein humide, l'autre dans un terrein tres ſec, Pune ayant hors de terre qua- 
torze nceuds dans une longueur de 28 pouces, l'autre ayant ſeulement cinꝗ nœuds 
dans une longueur de deux pouces, j'ay vu que la canne qui avoit quatorze nœude 
hors & terre, n' avoit en terre que cinq plans de racine du troiſieme ordre dans une 
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as Mr cazaut's ae 
ground: whereas the cane which had only five gdints on) 
of the ground had fourteen rows of roots; like wiſe of 
the third order, on the ſame length as the others. 
This obſervation proves, that to the time of the canes 
jointing, that is, to the appearance of one of its joint 
above ground, the drying of each external leaf is con- 
ſtantly followed by a row of roots of the third order. One 
ſees too, why canes that are in moiſt ſoils joint out of the 
ground at the three months end; but have then only 
four or five rows of roots of the third order, diſtant from 
each other three, four, and five lines under ground; 
whereas, on the contrary, in dry lands, or, what comes 
to the ſame, in a foil remarkably impoveriſhed for 
want of cultivation, the canes do not joint above: ground 
before the five months; but then they have under 
ground 
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longueur d'un pouce et demi, et que la canne qui n'avoit que cinq nœuds hors de 
terre, avoit en terre quatorze plans de racines auſſi du 2 ordre et dans Is 
.meme.longueur. 

Cette obſervation prouve que juſqu'au tems on la canne noue veſt dire laiſſ 
voir un nœud hors de terre, le deſſe chement de chaque feuille exterieure, ef 
toujours ſuivi d'un plan de racines du troifieme ordre; et Pon yoit pourquo) 

dans les terreins humides, les cannes nouent hors de terre a 3 mois, mais alors 
elles r'ont en terre que 4 à 5 plans de racines du troifieme ordre diftants les uns 
des autres de 37 4, et 5 lignes; dans les terres ſeches au contraire, ou (ce qui 
eſt egal) fingulierement affaiſſẽes par le defaut de culture, les cannes ne font 


| nouces hors de terre g a 1 ** mais alert elles ont en terre quatorrze a 
6 | quart 


ground fourteen or fifteen joints or rows of roots, diſtant 
from each other only a line, and ſometimes leſs; the 
joints, therefore, of the canes, of a dry or ill cultivated 
ſoilz are as many in number as thoſe of a moiſt and fruit- 
ful ſoil; but the two differ in this: the greater part of 
the former are ſhort, ſmall, and in the ground; whereas 
me ta _ of the laſt are nn 1 and above 
It is öde the nee or the defect either of 
the ſeaſon, or the cultivation, which keeps back and baſ- 
tardizes the one ſort, which haſtens and makes the other 
thicker: chuſe, therefore, that ſeaſon for planting in 
which the greateſt poſſible ſucceſſion of rain ſhall force 
out of the grounds thoſe joints which, in a drier ſeaſon, 
would only have formed a quantity of roots within it, 
the 
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quinze nœuds ou plans de racines diſtants les uns des autres d'une ligne ſeule- 
ment et quelque fois moins: les nœuds des cannes d'un terrein ſec ou mal cul- 
tive ſont donc Egaux en quantite à ceux des cannes d'un terrein humide ou fertile, 
mat: ils different en ce que la plus grande partie des uns ſont courts, petits, et 
dans la terre; le plus grand nombre des autres ſont gros longs et hors de terre. 
C'eſt done la bontẽ ou le defaut de la culture ou de la ſaiſon qui retient et 
abatardit les uns, precipite et groſſit les autres; choiſiſſea donc pour planter la 
laiſon ou la plus grande continuĩtẽ de pluye poſſible, forcera le plutor à ſe deve 
lopper hors de terre, les nœuds qui dans une ſaiſon plus ſeche formeroient 
uniquement en terre, une quantite conſiderable de racines dont Piautilite eſt 
viſible 


240 =, Cazaur's Method of 
the uſeleſſneſs of which appears from the ſtate of the 
lands which are burthened with them. 
The firſt reaſon for planting in May or vue (ſee 
obſervation the ſixth, p. 227.) reſpected the coming 
up of the different productions, firſt, ſecond, &c. in 
general; that I have juſt given regards the firſt ap- 
pearances of each particular production. We will next 
conſider if my method is equally favourable to thoſe 
which are to give the plant all the degree of perfection 
it. is 7 of acquiring. | 


Lug 
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viſible par Vetat des plantes qui en ſont affligtes, _ 
La premiere raiſon.de planter en May et Juin, dont Pay parle obſ. 6. p, 
227. intereſſoit la ſortie des diferentes productions en general premiere, ſe- 
.conde, &c. la ſeconde raiſon dont je viens de parler intereſſe les premiers de- 
veloppemens de chaque production en particulier, voyons 1 mon ſyſteme favoriſe 


egalement ceux qui doivent donner à la plante toute la perfection dont elle eſt 
uſceptible. 


Hain 
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2 of the joint of rhe cane above 85 ound. 
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ber and the quality. + | 
With regard to number, the calcttiation of it, in 

both the metliods, depends upon ſo many conſiderations, 

that I think myſelf obliged to reduce the queſtion to its 


moſt ſimple ſtate, by barely declaring, that I now cut all 


my canes every year, inſtead of only cutting three- 
fourths of them, as I uſed to do when I purſued the 
other method. Thoſe, however, who with to know 


more of it, may ſee in another part of this ni the 6 only 
calculation * matter is capable ß. 


— 
*% 
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Blk Hiſtoire des noruds de la canne hors de terre. 


Il ſe preſente à Vegard des nœuds de la canne deux points 2 conſiderer auſſi 


eſſentiels Pun que l'autre, le nombre et la qualite, 
Quant au nombre le calcul qu'on peut en faire dans les deux ſyſtemes, eſt 
ſubordonne à tant de ſuppoſitions que je crois devoir fimplifier la queſtion, en 


expoſant que je coupe maintenant toutes mes cannes chaque annee au lieu den 


couper ſeulement les trois quarts comme je faiſois, lorſque je ſuivois l'autre ſyſteme. 
Voyes cependant dans fon lieu, Punique eſpece de calcul dont je croye la 
maticre ſuſceptible, 


Vor. LXIX. „ Quant 


with Ffnctt: to the j joints of the cane, there are 2 is 
points of equal confequence to * conſidered, the num 
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242 Mr. 6azavud's Method of 
As to the quality of the joints; this, I think, is to he 
decided by the hiſtory of them, to which hitherto ſcarce 
any attention has been paid, though the lighteſt would 
have been ſafficient to have fhewn the abſurdity of the 
received ideas concerning the age which mutt be allowed 
the canes, in order for them to arrive at perfect ma- 
turity. | 
At the end of the third month, ſometimes later, as 
this depends upon the foil and ſeaſon, nothing yet ap- 
pears but a head covered with leaves: ſee figure 8. from 
a to &, which is a ſmall ſheath containing a number of 
white leaves which come out by degrees. The leaf 5, 
fee fig. 9. falls at length, and diſcovers a firſt joint above 
ground. From that inſtant to the time of its full growth 
it acquires four or five joints every month: theſe alfo de- 


—— 
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Quant A la qualite des nceuds il me ſemble qu'elle peut etre decidee par leur 
hiſtoĩre à laquelle on n'a fait juſqu'a preſent qu'une mediocre attention, quoi- 
que la plus legere eut ſuffi pour demontrer la fauſſcte des idees qu'on a eu 
juſqu'a preſent ſur l'age qu'il faut donner aux cannes, pour leur procurer une 
marurite parfaite, 

A trois mois quelquefois plus tard (ſuivant wi terre et le tems qu'il a fait) la 
canne ne preſente encore qu'une tige herbacee garnie de feuilles, v. fig. 8. depuis 
@ jaſqu'a x qui eſt un petit rouleau qui renferme une quantité de feuilles 
blanches qui doivent ſe developper par degres; la feuille b, v. fig. q. tombe enn 
et laiſſe yoir un premier nœud hors de terre. De ce moment juſqu'a celuy ou 
elle a pris tout ſon accroiſſement elle augmente chaque mois de quatre à cinq 
nœuds 
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843 
pend upon the weather and ſoil, and are longer o 
ſhorter, thicker or thinner, according as thoſe are 
more or leſs favourable. | One may ſee (figure 1, from i 
to #) the effects of a continued drought when it ſets i in 
in February, and laſts till May or longer. The jaints are 
ſtunted, and inſtead of being an inch and a half or two 
inches long, like thoſe from þ to 7, which come out in a 
favourable ſeaſan, ſome of them are hardly two lines, 
and ſome even leſs. When the rains begin again and 
continue, the joints are longer again (ſee 4 to /) and 
like the firſt from + to i. The effects of the dryneſs of 

the ſoil are exactly fimilar to thoſe of the weather, > 3 
once had a cane in my plantation worthy a place in 2 
collection of natural hiſtory : it was of the thickneſs of 


a pep, and only three inches long; notwithſtanding / 
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nœuds plus ou moins gros, plus ou moins longs, c'eſt auſſi ſuivant le tems et le 
ſol, ou peut voir hg. 1. depuis i juſques 3 a & Feffet dun ſec tres vif lorſquꝰ il com- 
mence avec le mois de Fevrier et qu'il continue juſqu'en May ou plus long 
tems; les nœuds ſont etranglẽs et au lieu d avoir un pouce et demi ou deux pouces 
de long, comme les nœuds depuis h juſqgu'a i produits dans une bonne faiſon, quel- 
ques uns de ceux produits dans le tems du ſec, ont a peine deux lignes, d'autres 
en ont moins: lorſque les pluyes recommencent et continuent, les nceuds qui 
ſortent ſont plus longs, comme on les voit depuis # juſqu' a J, et tels que les pre- 
miers depuis þ juſqu'a i L'effet de Pavidite du ſol eſt exactement le meme que 
celuy de la vivacite et de la longueur du ſec: ay vu chez moy dans une eſpe ce 

de tuff pres d'une carriere, une canne digne d'etre miſe dans le cabinet d'un 
curicux, elle etoit groſſe comme une plume i ecrire, longue de trois pouces, et 
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which it had its two and twenty joints very diſtinct. I 
ſent it in a letter to a perſon who might have ſent me in 
exchange ſome ſix feet long; which, however, would 
not have had above twenty-two joints any more than 
mine, if the firſt joints of both had come out of the 
earth at the ſame time. pot bf 

The firſt joint, which comes out either at the third, 
fourth, or fifth month, always keeps in its firſt place 


near the earth, ſee a, fig. g.; out of this firſt comes the 
ſecond, fee b, fig. 10.; and out of the ſecond a third, 
after the leaf ce has dried, and is fallen off like the leaves 
aa, bb. Each week produces its joint, or very nearly: a 
leaf likewiſe dries and falls off pretty nearly every week. 
A cane of thirty-two joints, ſuppoſe fit to cut, has from 
five to eight and twenty of them which have loſt their 
leaves; the next five or ſix ſtill have them, but withered 

and 


— 
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n'en avoit pas moins ſes 22 nœuds tres diſtincts; je Penvoiai dans une lettre 3 
une perſonne qui auroit pu m'en envoyer en echange quelques autres de 6 pied 
de long et qui dans cette longueur n'auroient eu que 22 nœuds comme la mien 
ne ſi elles avoient no hors de terre en meme tems. 

Le premier nceud qui paroit ſoit a 3 ſoit a quatre on à cinq mois, reſte tou- 
jours a ſa meme place pres de la terre, v. a, fig. . de celuy la ſort le ſecond, 
v. b, fig. 10. du ſecond le troiſieme, apres que la feuille c, c, ſera deilechee et 
tombee comme les feuilles aa, bb, meme figure, chaque ſemaine fournit envi- 
ron ſon nœud; il fe deſſẽche et tombe done à peu pres une feuille par ſemaine; 
dans une canne de 32 nœuds, je ſuppoſe, bons a couper, on en voit 25 4 28 
depouilles naturellement de leurs f:uilles, et cinq a fix autres garnis encore ce 

I leurs 
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and ready to fall off: the remaining joints, ſurrounded 
with green leaves, form the head, which one takes care 
to cut off after the laſt leaf has withered. - The bare re. 
cital of facts feems fully to prove that the withering and 
fall of a leaf is the only criterion (and a ſufficient one it is) 
of the maturity of the joint to which it adhered; and that 
the eight laſt joints of two canes, which are cut the ſame 
day, have exactly the fame age and the fame degree of 
ripeneſs, notwithſtanding one of the canes themſelves 
may be fifteen; and the other only ten months old. My 
reaſoning is further confirmed by the experiment re- 
peatedly made on two equal quantities of canes, cut 
the ſame day in pieces of a different age; it was evi- 
dent, that each joint of the cane, of a ſuppoſed growth 
of ten months, contained the fame quantity of ſugar 
as that of a cane of the ſuppoſed growth of fifteen. 


'L he | 
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leurs feuilles deffech&es pretes a tomber ; les nceuds ſuivant, garnis de feuilles 
vertes, forment la tete qu'on a ſoin de eouper apres laderniere fc uille deffechee : 
la ſeule expoſition des faits me ſemble demontrer que le deffechement et la chute 
dune feuille, eſt Punique preuve (et preuve ſuffiſante) de la maturite du nœud au 
quel elle etoit attach6e:.et que les huits dernĩers nœuds de deux cannes coupees le 
meme jour ſont exactement du meme age et de la meme maturite, quand bien meme 
Func de ces cannes auroit quinze mois et que l'autre n'en auroit que dix; preuve 
de raiſonnement confirmee par des experiences reiterees de deux quantités egales 
de cannes, priſes dans des pieces d'un age different, et coupees le meme jour, par 
eſquelles il conſte que chaque nœud de cannes pretendies de dix mois contient 
autant de ſucre que chaque nœud de cannes pretendũes de quinze, 


La 
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IT he neceſlity, therefore, which my method lays me 
under of cutting my planted canes at the twelvemonth, 
end, and my rattoons at eleven, has nothing in it which 
contradicts the proper idea which ought to be entertained 
of the abſolute maturity of this plant. This is decided 

by experience, and the hiſtory of its joints. 
With regard to its relative maturity, that which is of 
conſequence to the ſugar, this does not depend on the age, 
but on the ſeaſon. In February, March, and April, all the 
canes, whatever be their age, are as ripe as the nature of 
the ſoil ever allows them to be, and accordingly I never 
fail to make the greateſt part of my ſugar at this ſeaſon. 
It will be of uſe to obſerve, that in the ſame week in 
February I cut in a piece which had been planted ten 
months a quantity of canes ſufficient to yield me four 
8 thouſand 


» 
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La neceſſitẽ ou je ſuis dans mon ſyſteme de couper mes cannes plantees 2 dous. 
mois et mes rejettons a onze, n'a donc rien de contraire à Pidee qu'on doit ſe 
faire de la maturitẽ abſolue de cette plante, maturite decidee par Vexperience 
auſſi bien que par Vhiſtoire de ſes nœuds; quant a ſa maturite relative, celle qui 
intereſſe le ſucre elle n'eſt pas l'effet de Page mais de la ſaiſon, en Fevrier, Man, 
et Avril, toutes les cannes de quelque age quelles puiſſent etre, ont la perfection 
de maturite dont la qualite du terrein les rend ſuſceptibles, et je ne manque pi 
de faire la plus grande partie de mon ſucre dans cette ſaĩſon. 

Il ne ſera pas inutile d'obſerver que ay coupe dans la meme ſemaine de 


Fevrier, dans une piece agee de 10 mois, la quantite de cannes neceſſaires pou! 
me 
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in a piece which had been planted fifteen months. 
If any body ſhould chance to repeat this experiment, 
they ſhould be careful to chuſe the ſame kind of 
ſoil, the fame expoſition, and the fame time of year. The 


greeniſh, that of the piece of fifteen months was exceed- 
ing brown. The four thouſand gallons of juice from 
each of the pieces gave me the ſame quantity of very 
fine ſugar, which proves that each joint of canes ſup- 
poſed to be nine months old contains juſt as much ſugar 
as e of a cane to be fifteen — old. 


have dried and are fallen off, have e that matu- 
rity which I call abſolute. 
It 
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me donner quatre mille galons de veſou ou jus, et la meme quantite dans une 
piece agee de 15 mois (ſi Pon vouloit reiterer la meme experience il faudroit 
choifir dans les deux pieces a peu pres la meme qualite des terre et la meme expo- 
fiction comme on choiſirait le meme tems) le veſou de la piece agẽe des 10 
mois etoit un peu verdatre, celuy de la piece de 15 mois etoit fort brun; les 
4000 galons de veſou de Pune et de Pautre piece m' ont donne la meme quantitẽ 
de tres beau ſucre. Ce qui prouve que chaque nœud de cannes pretendues de 
dix mois contient autant de ſucre que chaque nœud des cannes pretendiies de 
quinze. 0 

Cela prouve auſſi que tous les nœuds dont les feuilles font 3 et 


tombecs ont acquis cette maturitẽ que p appelle abſolũe. 
3 Cela 


thouſand gallons of juice, and exactly the ſame quantity 


juice of the piece which was ten months old was a little 
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It likewiſe proves, that it is not the age £ of the canes 
but the dryneſs of the weather, which increaſes from Jn. 
nuary to April, which 18 the cauſe that in January four 
bundred gallons of juice commonly yield forty-eight 
gallons of tugar and molaſſes, one with another; in Fe- 
bruary from fifty - ſix to ſixty-four; i in March from ſixty- 
four to ſeventy two; in April ſometimes eighty; after 
which period the ſugar terments, and even burns when 
the refiner happens not to be very expert at his buſinek, 
Hence I concluded, that the greateſt perfection of relative 
maturity to which my canes could arrive was when the 
juice of them was made up of four parts water, and one 
part conſiſting of part ſugar and part molaſſes. _ 
This laſt obſervation likewiſe proves, that the. colour 
of the juice has nothing to do with either the quantity 
or 


- 


Cela prouve auſſi que ce n'eſt pas Page des cannes mais le ſec qui augmente 
de Janvier en Avril qui fait qu'en Janvier 400 gallons de veſou rendent ordi- 
nairement 48 gallons tant ſucre que melaſſe, en Fevrier de 56 a 64; en Mar 
de 64 a 72; en Avril quelquefois 80. Apres quoy le ſucre mouſſe, brule meme, 
fi le raffineur n'a qu'une routine; de ce dernier point yay conclu que la plus 
grande perfection de maturite relative ou mes cannes puſſent atteindre, etoit 
lorſque leur jus contenoit quatre parties d'eau et une tant de ſucre * de 
melaſſe. 


Cela prouve auff que la couleur du veſou n'intereſſe ni la quantite ni la qua- 
| lite 
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or the quality of the ſugar, but may ſerve as an indica- 
tion of the manner i in which it is to be made. 1 ſhould 
think an object of this importance would not be un- 
worthy the attention of ſome very great chemiſt. 

Other obſervations have ſhewn me that in canes 
which are, perfectly ripe, the quantity of the ſugar is 
equal to that of the molaſſes. 

Let us now examine ſome other circumſtances relative 
to the growth of the cane, and particularly that of its 
duration. 


lits du ſucre, mais elle ſert ꝙ᷑ indie pour la traiter d'une fagon ou d'un autre, et 
il me ſemble qu'un objet de cette importance ne ſeroit pas indigne de Vetude 
d'un trts grand chimiſte, 

D'autres obſervations m'ont prouve que dans les canncs parfaitement mures 
la quantitè du ſuere eſt egale a celle de la melaſſe. 

Examinons quelqus autres circonſtances de Paccroifſement de la canne et fur 
tout celle de ſa durce, N 
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The account of the cane in differen t ſoils, together with that 
of the different degrees and different kinds of growth: 
they give to it. 


We are not to form our ideas of what a plant is in a 
country favourable to it, from what we fee it in one 
where all it reaps from the care beſtowed on it, is the 
lengthening out of a wretched exiſtence uſeleſs to every 
purpoſe but curioſity. The cane to be met with in the 
Hot-houfes of Europe is the bare ſhadow of the Ameri- 
can cane. Let us. not then eſtimate: the natural duration 
of the one by the artificial, and in ſome meaſure only 
apparent duration of the other: I with juſtice call it an 
apparent duration; for, if the European cane acquires 


Hiſtaire de la canne. dans les diffirentes eſpice de terre, dev e degris, et de Peſpice: 
d accroiſſement qu eilt y acguier. 


II ne faut pas juger de Vhiſtoire. d'une plante dans un climat qui favoriſe tous 
ſes developpemens, par ſon ẽtat dans un pais ou elle ne retire. d' autre fruit des 
ſoins qu'on luy donne, que la prolongation dune triſte exiſtence, inutile a tous 
autres. egards que celuy de la curiofite.'. La canne qu'on voit dans les ſerres 
en Europe n'eſt que Pombre de celle d' Amerique; ne jugeons donc point de la 
duree naturelle de Pune, par la duree artificielle et en quelque fagon apparente 
de Vautre; je dis, apparente, car fi la. canne d Europe ne croit, je ſuppoſe que 
d'un 
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only a ſingle joint each year, fifty-two years of exiſtence 
in Europe are not more than fifty-two weeks exiſtence 
in America - 


RECITAL OF FACT. $ 


iſt, I have never ſeen, either in my own plantation 
or that of any other perſon, a cane which had more than 


(a) When I firſt made this ſuppoſition, I rather conjectured what muſt be 
than what I knew exactly; but fince that time, Mr, Thom, of the King's 
Botanic Garden at Paris, has rid me of the little anxiety I could not help feel- 
ing at having ventured an aſſertion of the truth of which I was not accurately 
fure, He ſhewed me a cane which, he believes, to have been planted twelve 
years ago: it has thirty joints. In order to be convinced that it has grown at 
the rate of two joints and a half a year, one ſhould be fully ſatisfied that it was 
planted twelve years ago; but he likewiſe ſhewed me one which he knows was 
brought from America in a pot ten years ago, and this has only two joints out 
of the ground. Conclude we then, as I ſaid before, that, in order to know a 
plant thoroughly, we ſhould ſtudy it in the climate to which it belongs. 


_ forty 
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un nœud par chaque annce, 52 annees d'exiſtence en Europe n ẽquivaudroĩent 
qu'a 52 ſemaines d exĩſtence en Amerique . 


EXPOSONS DES FAITS. 
1 obſervation, Je n'ay jamais vu chez moi ni ailleurs de cannes qui euſſent 


® Lorſque je hazardoig cette ſuppoſition je ne faiſois qu'imaginer ce qui pouvoit etre; Mr. Tuo, du 
Þrdin du Roy à Paris, m'a mis en etat d'apprecier une idee ſur laquelle je n'ctois pas ſans une eſpëce 
Tiaquietude ; il m'a fait voir une canne u il croit plantee il y a douze ans: elle a trente nœuds; pour 


etablir qu'elle a cru a raiſon de deux nœuds et demi par an il faudroit &re certain qu'elle a ẽtẽ plante 11 


J a douze ans; mais ih m'a fait voir auſſi une canne qu'il ſcait avoir ets apportce d'Amerique dans un pot 


il y a deux ans, elle n'a que 'deux ncends hors de terre: concluons du moins comme je Vavoir dit que 


Pug connoitre une plante, il faut la ſuivxe dans le climat qui lui eft propre. N 
K k 2 "od 
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forty or fifty uſeful joints (I do not ſpeak of thoſę of the 
head); nor have I often met: with this number upon 
any, the length of which fell ſhort of ſeven, or exceeded 
nine feet. 

2dly, I have never ſeen this length but either in 2 
new ſoil, or in a ſoil the moiſteſt that could be without 
being quite drowned; that! is to ſay, in a ſoil the moſt fa- 
vourable to the quickeſt and greateſt vegetation of the 


cane. 
3dly, In a ſoil of this Kind 1 have always fron the firſt 
joint out of the ground at the three months end; if there 
had been frequent ſhowers and no hard rains, at the end 
of two and a half. 
4thly, Even in ſuch a ſoil I haye never cut canes at 
the thirteen months end without * many of them 
rotten 


% 


au dela de 46 nœuds utiles (je ne parl: pas de ceux de la tete) et Jay rarement 
vu cette quantitẽ de nœuds dans une longueur moindre de ſept pieds, et plus 
conſiderable que neuf. 8 

2* obſervation, Je n'ay jamais vu cette longueur * que FER un terrein 
neuf, ou le plus humide ſans etre noye, c'eſt a dire dans le terrein le plus favo- 
rable au plus prompt et au plus grand accroiſſement ge la canne. 

3* obſervation, Dans un terrein de cette eſpece, j ay toujours vu la canne 
noute hors de terre, à trois mois, quelquefois à deux et demi, &il y avoit eu des 
ondees frequentes ſans averſes. 

4* obſeryation, Je n'y ay jamais coupe les cannes à 13 mois ſans en trouver 
beaucoup de pourries ou preſque deſſechẽes, pourries et couchees, fi annge avoit 

1 cte 
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votten air amt dried mpʒ · cotten and laid if there had 
been much rain n the year; almoſt withered, hog 
ill ſtanding; if there had been very little.” . p 

Is it nat fufe to infer from theſe four obſervations, 
that forty- x joints are almoſt the ne plus ultra of the 
growth of the cane in moiſt ſoils? and again, that they 
are the produce of pretty nearly an equal number of 
weeks which elapſe after the appearance of the firſt 
joint? for it is impoffible to think, that the canes conti- 
nue growing till the time in which one finds many of 
them rotten; but if I am in the right it followe, that 
canes of the firſt production, which live after the twelfth: 
or at moſt after the thirteenth month, live as men do 
who have paſt the age of forty, every day takes ſome- 
thing from their vigour. The ſecond productions are 
| the 
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etc. pluvieuſe, btb qeſſechie idee ſur pied, $4] y avoit eu tres peu dg 
pluye, 

Ne peut on pas 8 de ces quatre obſervations que ces 45 nœuds ſont a 
peu pres le nan plus ultra de P'accroiſſement des cannes dans les terrein humides, 
que ces 46 naeuds. etoĩent le travail d'ã peu pres autant de ſemaines qui Yetoient 
ecoulees depuis la ſortie du premier nceud, puis qu'on ne peut ſuppoſer que les 
cannes croiflent juſqu au, moment ou Yor en trouve beaucoup de pourries, et 
quainſi Pon peut croire que les cannes de la premiere production qui ſubſiſtent 
encore apres dquze ou tout au plus 13 mois fe ſoutiennent comme font les 
hommes apras ayair; atteint Page de 40 ans, tous les jours avec quelque diminu- 
tion 
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the only ones which are then in their perfection; the 

third and fourth have not yet reached it. x 
5thly, In a good ſoil, having à favourable expaliticn 
well drained and worked for a number of years, I have 
never ſeen any canes with above thirty-eight or forty 
joints; nor have I ever ſeen any that had fo many when 
the length of the cane has fallen ſhort of four feet 1 
a half, nor this except in pretty good years. 
6thly, I have never ſeen the firſt joint of the cane ap- 
pear in ſuch a ſoil ſooner than the fourth or the middle 
of the third month. 
Nor, ſeventhly, have I ever cut fuch canes at the 
fourteen or fifteen months end, but I found ſome that 
were either rotted or dried, according to the ſeaſon; rot- 
ted 


a — — \ 
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tion de leur valeur reelle: les ſecondes produftions ſont les ſeules qui ſubſiſtent 
alors dans leur perfection; les troifiemes et quatriemes ne Pont pas encore atteinte. 

5* obſervation, Dans un bon terrein bien expoſe, egoute, et travaillant de- 
puis pluſieurs annees, je nay jamais vu de cannes qui euſſent au dela de 38 3 40 
nceuds, ny cette quantite de nœuds dans une longueur 'moindre de 4 pieds et 
demi, et ces 4 pieds et demi avec leur 40 nœuds ſeulement dans des annecs aſſez 
favorables. 

6* obſervation, Je n'ay jamais vu la canne noute dans cette eſpece de terrein 
avant le 4* mois ou le milieu du 3*. 

7* obſervation, Je n'y ay jamais vu couper les cannes a 1 14 ou 15 mois ſans en 
trouver de pourries ou deflechees ſuiyant la ſaiſon, pourries fi je les coupois apres 


les 
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d when I cut them after the January rains; dried when 
let them ſtand the three dry montiis, and cut them in- 
April. | | j | 5 | 
May one not infer from the fifth and fixth obſerva- 
tions, that from thirty-eight to forty joints are nearly the 
ne plus ultra of the growth: of the cane in a good ſoil, 
with a favourable expoſition? and that theſe thirty- eight 
to forty joints are the produce of a like number of weeks 
which elapſe from the appearance of the firſt joint, at 
the fourth month's- end, or a fortnight ſooner? conſe- 
quently, that the only difference between the growth of 
the canes in ſuch a ſoil, and what it would have been in 
2 moiſt one, is only that the former joint four or five 
weeks later than the laſt would have done. 


And: 
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les pluyes en Janvier, . defſechees fi je les coupois apres trois mois de ſec en 
Avril. ee 

Ne peut om pas conclure de la 5* et 6* obſervation que les 38 à 40 nœuds ſont 
a peu pres le non plus ultra de Vaccroifſement des cannes dans un bon terrein - 
bien expoſe et egoutẽ, que ces 38 à 40 nœuds ſont le travail de 38 à 40 ſemaines 
ecoulẽes depuis la ſortie du premier nœud à 4 mois, ou 3 mois et demi ; et- 
q ainſi, Vaccroifſement des cannes dans un pareil terrein ne differe de celuy 
q elles prendroient dans un terrein humide que des quatre ou cinq ſemaines 
Welles nouent plut6t dans celuy ci que dans autre. 
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And may not one infer from the fifth, -fixthy and ſe. 
venth-obſervations put together that in a good foil, wich 
a favourable expoſition, and well drained, the canes of 
the firſt production may: live the fourteenttv month 
through, perhaps; if they have got to! the fourteenth 
in February, and: the dry weather be not 'excefliye; 
reach to the ſixteenth? but that their exiſtence from 
thirteen months to fifteen will be like that: off a ſtout 
hale man between forty and five and forty, who is much 
miſtaken if he thinks Himſelf as ſtrong then as he was 
at thirty- five? Whence it follows, that it muſt be advan- 
tageous to cut the canes, Which grow in ſuch a ſoil, at 
the twelve month's: end; if the other circumſtances of 
the method which has been adopted allow it; or even at 
the end of eleven months, if theſe circumſtances require 


it: becauſe in this laſt caſe one may expect a compenſa- 


— 
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Et ne peut on pas conclure de la ge, 6*, et 7 obſervations rEunies que dans un 
ban terreia bien expole et egoutẽ. les cannes de la premiere production peuvent 
bien ſe ſoutenir juſqu*a 14 mois peutetre meme juſqu'a 15, ſi elles ont atteint le 
quatorzieme en Fevrier et que le ſec ne ſoiĩt pas bien vif, mais qu'il en ſera de 
leur etat depuis 13 mois juſqu'i quinze, comme de celuy d'un homme ſec et 
nerveux depuis 40 juſqu'a 45 ans, qui s'abuſe s'il croit Cre auſſi vigoureus 
qu'a 35. D'ot il ſuit qu'il ne peut etre qu avantageux de couper dans un pareil 
terrein les cannes à douze mois {i les autres circonſtances du ſy teme qu'on aur? 
ay peuvent le permettre; et meme à 11 mois, fi les autres circonſtances 


Pexigent; parce que dans ce cas on peut eſperer un dedommagement dans la 
vigucur 


9 
EI n 


* * * Y 8 2 Canes.” 
tion in a the — vigour given to the ſtarap, for the 
diſadvantages mentioned above by ts cuttin s before 
the uſual time. L. rtl df J noh 
Obſervation the Stn, In a dry dnn good fol, not ma- 
nured, but well worked and ſeconded by the ſeaſon, I 
have never ſeen. canes with more than from thirty to 
thirty-four joints, ang, theſe on a len Seh of from three 
to four fes. 05 
PR the gh, I 0 never ſcen the firſt joint 
of theſe come out be n end of four months 
or four months and a half. by 

Obſervation the roth, When 1 e cut theſs at the 
fifteen months end, I have always found them ſtanding, 
but very dry, and ſometimes; a little changed. 

May we not infer from the eighth and ninth obſerva- 
tions, that from thirty to thirty-four joints is nearly the 

| ne 
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8 obſervation, Dans un terrein ſec, quoique bon, point fume, mais bien 
trayaills et tres aide de la faifot, je Wai jamais vu de cannes qui euſſent au dela 
de 30 à 34 ncuds, et cette quantite dans une longueur de trois à quatre pieds. 

9* obſervation, Je n' 7 at 5 vu * ee nud ſortir avant — mois, 
4 mois et demi. 

0 obſervation, Lorkque Pai coup ces canines A 15 mois, je les ai toujours 
Trouvees fur pied, mais tres ſeches et quelquefois un peu alterees. 

Ne peut-on pas conclure de la 8* et 9* abſeryation que ces 30 à 34 nœuds font 

Vol. LXIX. & 1 a peu 
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ne plus ultra of the growth of the canes in a ſoil which 
is good, though dry; not manured, but ** well 
worked, and ſeconded by the ſeaſon ? 

And may we not infer from the three obſervations 
put together, that theſe thirty to thirty-four joints are 
the work of as many weeks which have elapſed fince 
the appearance of the firſt joint at the end of four 
months or four months and a half? conſequently, that 
the growth of the cane in ſuch a ſoil is nearly equal to 
what it would be either in a moiſt or in a wel-manured 
ſoil, having a good expoſition, with this difference how- 


ever, that the moiſter the ſoil is, the quicker the canes 
joint, and the thicker and longer the joints are: ſtill, 
however, all the real growth of any conſequence takes 
place in the ſpace of from eleven to twelve months. 
Obſervation 


a peu pres le non plus ultra de Paccroifſement des cannes dans un terrein bon, 
quoique ſec, point fume, mais aflez bien travaille et aide de la ſaiſon. 

Et ne peut-on pas conclure des trois obſervations reinies, que ces 30 on 34 
nœuds font Pouvrage d' autant de ſemaines Ecoulees depuis la ſortie du premier 
nœud a quatre mois quatre mois et demi, qu'ainfi Paccroiſſement des cannes dans 
un pareil terrein, eſt à peu pres egal a celuy qu'elles prendroĩent dans un terrein 
humide ou dans un autre bien expoſẽ et egoute, avec cette difference cependant 
que les cannes nouent d' autant plus vite que le terrein eſt plus humide, et que 
dans ce cas les nœuds ſont plus gros et plus longs, mais qu? enfin tout Paccroille- 
ment reel ſe trouve renfermẽ dans Peſpace d environ douze à 13 mois. 
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Obſervation. the TIth, In a foil which is drier and 
more parched, particularly in one where tilling or the 
ſeaſon bave not a little made up for the diſadvantages of 
the expoſition and the ſoil, I have never ſeen canes with 
more than from twenty-four to twenty-eight joints; but 
this number I have ſeen even on canes which were not 
more than two feet high. 

L2thly, I have never ſeen the cane joint earlier than 
the end of the fifth month in this ſort of ſoil. 

13th, Whenever, after having attempted to cut theſe 
canes in January, at fifteen months, I have waited for 
them till April, in conſequence of not being ſatisfied 
with their appearance, I have not it is true found one of 
them rotted, but I have found many dried up. 


I 4th, 
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11 obſervation, Dans un terrein plus ſec, plus aride, et ſur tout fi le travail 
ou la ſaiſon n' ont pas un peu balance le deſavantage de Vexpoſition et du ſol, je 
nai jamais vu de cannes qui euſſent au dela de 24 à 28 nœuds, et ai vu cette 
quantitẽ de nœuds meme dans des cannes qui n'avoient que deux pieds de haut. 

12* obſervation, Je nai jamais vu dans un terrein de cette eſpece la canne 
noute avant cinq mois. 

13* obſervation, Lorſqu? ayant voulu couper les cannes en Janvier à 15 mois, 
et n'ayant pas ẽtẽ ſatisfait de leur etat actuel, je les ai attendũes juſqu en Avril, 
je en ai pas trouvẽ᷑ à la veritẽ une ſeule de pourrie, mais j'en ai trouvẽ beau- 
coup d entierement deſlechees. 
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14th, When canes planted in the ſame kind of ſoit: 
have been either of twelve or fifteen months growth in 
March or April, and that, either unwilling or unable to 
cut them then, I have waited till May or June, I have 
always found many dead ſtumps, the firſt productions 
entirely dried up in theſe which had ſtood out beſt, and 
the ſecond ſo changed that it has been with great trou- 
ble and great attention that I have been able to make 
ſugar of them. oy . 10 | 
May not one infer from the eleventh, thirteenth, and 
fourteenth obſervations, that from twenty-four to: 
twenty-eight joints are the — ym which canes 

can take in ſuch a ſoil? 1602-7 
And may one not infer from the twelfth obſervation, 
that theſe joints are the produce of an equal number of 
weeks, 


14* obſervation, Dans ce meme terrein, lorſque les cannes ont eu dans le 
mois de Mars et d' Avril foit 12 ſoit 15 mois, et que je nay pas voulu ou pu les 
couper alors, j'ai trouve au mois, de May et de Juin ſuivant, beaucoup de 
ſouches mortes, p; ai trouvẽ dans celles qui avaient reffte, le plus grand norpbre 
des premieres productions totalement deflechees, et les ſecondes fi alterces par le 
ſoleil, que ce n'a ẽtẽ qu'avec beaucoup de peine et d' attention qu'on a pu en 
faire du ſuere. 5 ET | 

Ne peut on pas conclure de la 11*, 13˙, et 24* obſervation que ces 24 à 28 
nœuds des cannes dans cette eſpẽce de terrein ſont le non plus ultra de Vaccroillc- 
ment qu'elles peuvent y prendre. 

Et ne peut on pas conclure de la 125, que ces 24 a 28 nœuds font Fouvrag® 
5 d' autant 


p "7 * 
of 
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weeks, which being added to the five months or five: 


months and a half, which elapſed before the appearance 
of the firſt joint, make only twelve or thirteen months 


of real growth, both for the canes which are planted in 


2 dry ſoil, and for thoſe which are planted in a moiſt one, 
the difference only, as I obſerved higher, there is be- 
tween the length and thickneſs of the joints excepted ? 

1 5th obſervation, When good care has been taken to 
manure and work theſe dry places, I have always ſeen. 
the productions of them every way equal to thoſe which 
had come from a ſoil well expoſed and well drained. 

x 6th obſervation, When heaps of dung have been laid. 
upon particular parts of ſuch a ſoil, in order to diſtribute 
them thence throughout the remainder of the plantation, 
I have always feen the canes,. grown in which had thoſe 


places which had been covered with the dung, rotted or 


dned. 
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q autant de ſemaines- qui jointes au cinq mois, cinq mois et demi ecoulẽs avant 


la ſortie du premier nœud ne font que douze a 17 mois daccroifſement reel dans 


les cannes du terrein le plus humide, reſerve comme p ai dit plus haut la differ- 
ence de longueur et de groſſeur des nœuds. 


15* obſervation, Lorſqu'on a eu ſoin de travailler parfaitement et de bien 
fumer ces endroits arides, jy. ai toujours vu les productions egales en tout a celles 


Cun bon terrein bien expoſe et egoutẽ. 

16* obſervation, Lorſqu on a fait des tas de fumier ſur quelques parties de ce 
terrein ſec et avide pour les diſtribuer dans le reſte de la piece, j'ai toujours vu 
les cannes dans ces petits eſpaces qui ayoient Et couyerts de fumicr, pourries 
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end, as the canes of the moiſt ſoil were. 
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dried (according to the ſeaſon) at the thirteen months 
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This differ. 


ence, however, I found between the two ſorts when both 
were cut at the twelvemonths end; the ſugar which waz 
made of the canes that had grown on the ſoil that waz 
too much dunged burned in April; whereas that made 
from the canes of the moiſt ſoil was finer then than at 


any other ſeaſon. 


17th, I have ſeen the effects of theſe heaps of dung 
ten years after. The part which had been covered with 
it gave excellent productions at that diſtance of time. 

May we not conclude from the fifteenth and ſixteenth 
obſervations, that it is always the fault of the planters, 
and never that of the plant, if it happens that the cane 
is not fit to cut at the twelve months end? Now, ſup- 


— 


Poſing 


— — — 
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— 


ou deflechees, ſuivant la ſaiſon, à 13 mois, comme les cannes du terrein humide; 
Jy ai cependant obſerve cette difference qu en les coupant les unes et les autres 
a douze mois, le ſucre des cannes du terrein trop fume bruloit en Avril, et que 
celuy des cannes du terrein humide, fe feſoit alors plus beau qu'en aucune autre 


ſaiſon. 


17* obſervation, Pai vu, meme apres dix ans, Veffet de ces tas de fumier, et 
tous les eſpaces ſur leſquels ils ayoient ẽtẽ mis donner encore excellentes pri- 


duTions. 


Ne peut-on pas conclure de la 15* et 16* obſervation que c'eſt toujours la 
faute du cultivateur et jamais celle de la plante fi la canne n'eſt pas bonne 3 


couper 
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poſing that the canes planted in October and November 
are fit to be cut at the end of the twelvemonth, the rains 
which fall at that time prevent the making any ſugar, 
unleſs one chuſes to make it execrable, and kill all one's 
cattle. I fay nothing of December plantations, becauſe, 
except in very highly favoured ſoils indeed, it is rare 
that one plant in ten ſucceeds, the dry weather is too 


near. 
May we not infer from the ſeventeenth obſervation, 


that it is likewiſe the fault of the planters, and by no 
means that of the ſoil, if the latter does not afford excel-- 
lent productions, that is, in other words, good rattoons- 

at the ſixth cutting? 
Finally, may we not infer from the hiſtory of the 
cane in all kinds of ſoils, that if there be any in which it 
can: 
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couper à 12 mois; or en ſuppoſant que les cannes plantẽes en Octobre et No- 
vembre fuſſent bonnes à couper douze mois après, la pluye qui tombe alors en 
abondance ne permettroit pas de faire du ſucre à moins qu'on ne voulut le faire 
abominable et ecraſer les beſtiaux. Je n'ai point parlẽ ici des plantations de 
Decembre parce qu'il eſt rare que dans les terreins qui ne ſont pas privilegies, il 
en reuſſiſſe deux ou trois ſur dix, le ſec eſt trop voiſin? 

Ne peut-on pas conclure de la 195 obſervation que ceſt auſſi la faute du cul- 
= Uuvateur, et point du tout celle du terrein, sil ne donne pas encore d'excellentes 
Productions, c'eſt à dire en d'autres mots, de bons rejettons, a la ſixieme coupe. 

Tt ne peut- on pas enfin conclure de Phiſtoĩre generale de la canne dans toutes 
s eſpeces de terreins, que il en eſt, ou elle peut ſubſiſter juſqu'a 15 et 16 

mois, 


grows to 2 of eh, in any after NEW 
Perhaps the accuracy with which 1 have! fo it may 
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ee me boldly after the twelfth, | 1 © N 
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Hi of of 4 Angulur revolution in the infile of the cant 
and of the arrow which comes out in conſequence of that 
revolution „ and er the K age of ihe Pie 
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A pa and vecelthry effect of the ary weather on 
the cane is, the diminution of the watery parts of its 
juice. There is no reaſon, therefore, for being farprized, 
eith er th at the fame quantity of canes which affords 
from 140 to 160 gatlons of it in January ſhould only 
afford go to 100 in April, or that there ſhould be as 
ark | | mad 
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mois, elle ne croit cependant jamais d'une fagon utile au dela de x4 ? peut id 
\meme e dirai-je affirmativement douze, apres Vavoir ſuivie Juſques dans fon der 


Hiſtoire Pune revolution finguliere dans interieur de la plante; d Ia feche qui 
ſuit, ot qui forme le dernier developpemint de la a. 


L'effet principal et neceflaire du ſec ſur la canne, eſt la diminution de la parte 
.aqueuſe de fon jus; on ne ſera done point ſurpris que la-meme- quantite & 
:Cannes qui en donne au mois de Janvier 140 à 160 gallons, n'en donne qu 90 
2 100 
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much ſugar made from the latter as from the former. 
This follows of courſe; bat it ſhould ſeem, that upon 
the return of the rains, the cane fhotild recover the wa- 
ter, which the heats of February, March, and April, had 

made it loſe: the reverſe, however, is what in fact hap- 
pens; not only the quantity of the juice is leſs, but the 
quality of it is worſe; it contains leſs ſugar in it, and 
when the weather is fairly ſettled, when the rains are 
frequent and abundant, which generally happens from 
the firſt of July to the x 3th of Auguſt, the whole vege- 
tative faculties of the plant feein employed in the pro- 
duction of the arrow, ſee op, fig. 1. During that time 
the body of the cane is moſt totally deſtitute of juice, 
which is carried in great plenty towards the head of it. 
Soon after there comes out from the top of the arrow, a 
| thin 
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a 100 dans le mois d Avril, n'y que ces 90 gallons d'Avril'donnent autant de 
ſucre que les 160 de Janvier: mais il ſembleroit qu'au retour des pluyes, la 
_ canne deyroit recouvrer Feau qu'elle a perdue par le ſoleil conſtant de Fevrier, 
Mars, et Avrilz ce le contraire qui arrive; non ſeulement le jus diminüe, 
mais ſa qualite ſe deteriore, il contient moins de ſucre, et lorſque le renouveau 
eſt tout à fait decide, que les pluyes ſont frequentes et abondantes, ce qui arrive 
Idinairement du 1 Juillet au 15 d'Aouſt, il femble que tous les efforts de la 
vegetation ſoient conſacres à la production de la fleche, v. oop, fig. 1. Le corps 
de la canne eft alors preſque totalement deſticus de ſon jus qui ſe porte en 
abondance vers la tete de la plante; bientot il ſort de fon extremite une tige 
Vort. LXIX. M m | allez 
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thin pointed ſtem, which grows about three feet High i in 
the ſpace of five or ſix weeks, then blows at the end, and 
is crowned with a panicle like that of a reed. op, fig, 
1. ſhews the arrow crowned with its panicle; it is COM» 
monly full-blown towards the end of October, withenz 
ſoon after, and falls in the following month. Some 
people pretend, that this panicle contains the ſeed of the 
cane; I have ſown the kind of feed or duſt which comes 
from it, and nothing has come up. Perhaps the cane 
which 1s propagated by ſhoots bears only empty huſks, 
Be this as it may, when once the. arrow has appeared, 
the cane is in its laſt ſtage. 

After the fall of the leaf, which ** ahve: a little 
ſooner or a little later, according to the ſeaſon, the Joints 
which preceded it dry up, in their order.. This mor- 

tification, 


— . — 


aſſez grele et pointue qui o eleve dans Veſpace de cinq à fix ſemaines juſqu'3 la 
hauteur d' environ trois pieds, ſe developpe enfin par fa pointe et ſe couronne d'un 
panache ſemblable à celuy du roſeau. oop, fig. 1. preſente la. fleche couronnet 
de ſon panache; elle eft ordinairement tout à fait developpee à la ſin d' Octobre, 
peu apres elle ſe deſſeche, elle tombe le mois ſuivant. Quelques perſonnes pre- 
tendent que ce panache contient la ſemence de la canne, je n'en ſcais rien, mais 
jat ſemẽ Veſpece de pouſſiere ou de graine qui en fort, et rien n'a levẽ, peut- 
etre que la canne qui vient de bouture ne porte que des graines folles. Quoi- 
qu'il en ſoit, apres que la fleche eſt ſortie, la canne eſt à ſon dernier periode; 
et un peu plus tot, un peu plus tard, apres la chute de la feuille (toujours 
ſuivant la ſaiſon) les nœuds gui la precedent ſe deſſechent ſucceſſivement, et 


s JA. 


CON be Shs & 140. a RO 65 
Gäetbn, if Pall y to call it, never ſtops, except A Hen 
there happens to Aae A kind of ſpurious top about 
the eighth or nth je joint from the arrow, ſee 7, in, fig. I. 
" Te comes out of two joints which blow DES the fall of 
the arrow; when there happens to be much rain. This 
fpurious HeadTerves much the ſame purpoſes as the true 
one; for it affiſts, 1 maintains, and preſerves the action of 
the ſap in that part of the cane which ſtill remains alive, 
6 that whenever there is not rain enough to produce it, 
the laſt joints die off like the former. 

It is farther to be obſerved with regard to the arrow, 
ft, that — any more than the ripeneſs does not depend 
upon the age of the cane, but upon the ſeaſon. In Octo- 

ber and November the canes of ſix months growth bear 
arrows like thoſe of twelve or fifteen months, but all 


canes do not bear arrows. A 


f 4 
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cette gangrene, ſi Jofe m'expliquer ainfi, n'eſt arrétée que lorſquiil ſe forme 
une eſpece de fauſſe tete vers le 8* et g* avant dernier nœud, v. H m, ſig. 1. 


Ce ſont deux nœuds qui ſe de veloppent apres la chute de la fleche, Sil * a 
beaucoup de pluye, et qui forment cette, fauſſe tẽte qui fait en partic. PFoffice 


de la premiere, puis qu'elle entretient PaQtion de la ſeve dans la partie de la 
canne qui reſte encore ſaine, et que s'il ne fait pas aſlez de pluye pour que ces 
ceux nœuds fe deve loppent, tous ſe deſſechent ſucceſſivement juſqu'a la racine. | 

Obdſervons encore par rapport. à la fleche, 1*, qu'ainfi que la maturite, elle 
eſt point l'effet de Page de la canne, mais, de la ſaiſon; dans le mois de Sep-. 
tembre ou d' Octobre les cannes de fix mois flechent comme celles de 12 et de 153. 


* 


mais toutes les cannes ne ſont pas ſuſceptibles de ce phenomene. 120 11 
Mm 2 LY 2", Que 


2.68. My. e e 
2d,” Though ſome canes have no arrow, they are alt 
ſubject to that internal revolution of which I have 
ſpoken, vis. the PO. and nn of . 
juices. | wo e ani bon 
3d, Whenever in a PIES the ſoil of wich; 
though good, had been accidentally abandoned, there 

has happened to be found a-ſhrub ſtrong enough to ſerve 
as a prop to a cane having an arrow and ſhoots from its 
eighth or ninth joint ( n, fig, 1.).; theſe: ſhoots have 
each of them produced a cane: far inferior indeed in 
beauty to that out of which they had thermſelves ſprung, 
but which, doubtleſ „ Would have wanted nothing to 
have born an arrow and canes in their ſeaſon alſo, but 
ſuch another ſhrub as that to which they owed their 
exiſtence. 


I know nothing of the obſervations upon which the 
in is grounded, that the cane does not come to per- 
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2”, Qs hs cnnnce qui ne flechent pra niece Gqmaneent — Ia revolution 
interieure dont j ay parle, cette diminution et appauvriſſement de leur jus. 
3?, Que lorſqu' il geſt trouvẽ dans une piẽce de cannes abandonnte (bonne 
terre cependant) quelque arbriffeau qui a pu ſervir d'appuy & une canne flechet 
et aux jets ſortis de ſon 8* et g* nud (4 u, fig. 1.) . Ces jets ont donne che- 
eun une canne beaucoup moins belle à la verite que celle dont ils ſortoient, 
mais qui n'auroit fans doute eu beſoĩn pour flecher dans ſon tems, et donner 
enſuite autres petites cannes, que d etre denen comme celle qui Favoit 

produite, 
F'ignore les obſervations d' apres leſquelles on peut pretendre que la w_ 

4 be 
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ſection under -fonrteen or fifteen; months. Thoſe of 
which 1 have been giving an account ſeem very poſi- 
tively to eſtabliſh that, cogſdened: ruitb > regard to its 
greateſt uſefulne/s, the cane is an annual plant producing 
bythe root; conſequently; the mode of cultivation which 
agrees beſt with it, that which will anſwer beſt to the 
planter, will be that which, conſidering theſe as the two 
capital points to be attended to, connects them the beſt 
with the neceſſary influence the ſeaſons of the climate 
in which the cane grows will have upon it. Now I truſt 
that in theſe two 1 my method will nd the teſt 
of examination. 


It remains to ſpeak of the hiſtory of the cane hd: 
ing to the two methods. 


 Hiftory 


*. „ 
8 * abs — 
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beſoin de 14 à 15 mois pour etre dans fa perfection: celles que je viens de pre- 
ſenter me paroiffent ẽtablir d'une fagon bien poſitive que relativement q ſon plus 
grand degre d' utiliti la canne eff une plante annuelle, et vivace par. ſa racine, 
quainh le ſyſteme de culture qui lui convient, le ſyſteme le plus avantageux au 
cultivateur ſera celuy qui aura ces deux points pour baſe, et qui les combinera 
le mieux ayes; les cffexs-que-doivent operer ſur elle, les diffẽrentos ſaiſons qui 
regne at; dans les climate on on la cultive, et j oſa croire que mon ſyſteme, peut 
foutenir Fexamen 3 a ces deux ogards. 

eee a de Ja canne dans es deux Sens. 


2. 


| Hiſtoire 
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The hiſtory of the cane, according, to both method, 


flows ſo naturally from what I have aid above, as well 
of the ſeaſons as of their influence on the different pro- 


os 8 i A 


dutions, firſt, ſecond, and third, that the bare recollec- 
tion of the time and — - of their appearance and 
developement will be ſufficient to lead us to conclude, , 

1ſt, That in favorable ſeaſons, the Anse Productions of 
canes planted in October and N ovember, and cut fifteen 
months after, have a greater number of Joints than thoſe 


of canes planted in May, and cut the year after at the end 
of 
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Hiſtoire de la canne dans les deux i amet, et dans les di iffirentes eſdices danntes, * 
vorables, ſeches et pluvieuſes. 


Lhiftoire de la canne dans les deux ſyſtemes decoule fi neceffairement de ce 
que Jai dit cy deſſus tant a Pegard des ſaiſons, que de leur influence fur les dif- 
ferentes productions premieres, ſecondes, et troifiemes, qu'il ſuffit de fe rappeller le 
tems et les conditions de leur ſortie et de leurs developpements, pour conclure: 

1*, Que dans les annees favorables, les premieres productions des cannes 
plantẽes en Octobre et Novembre, coupees quinze mois apres ont plus de nœuds 
que les premieres productions des cannes plantées en May, et coupees 1'annee 

d'apres 


cultivating Sugar Canes. 271 
of twelve months; but that this exceſs, is only equivalent 
to the vegetation of one month, on account of the dry 


weather, which neceſſarily impedes i it during the months 
of March and April. As to the ſecond productions, they 
are equal in the two methods, thoſe upon the larger 
ſcale of cultivation appearing in June to be cut in Fe- 
bruary, and thoſe of the ſmaller Ppearing at the end of 
Auguſt to be cut in May. 
2d, The loſs in years of drought muſt be a little more 
conſiderable on the ſmall plan than; on the other; be- 
cauſe there being no /econd productions (of real value) in 
that caſe. according to either of the plans, and the differ- 
ence of the thirteenth month, with regard to the /7/, 
remaining entire, one on thirteen mutt of courſe. be 
more felt than one on a greater number. 


3d, In 
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Capres 3 12 mois, mais que ce plus n'equivaut qu'à un mois de vegetation, 

attendu effet du ſec qui dans une terre decouverte, la ſuſpend viſiblement pen- 
Cant les mois de Mars et d' Avril; et que les ſecondes productions ſont egales dans 
les deux yſtemes; les Jecondu productions de la grande culture ne paroĩſſant 
qu en Juin pour etre couptes en Fevrier, et les ſecondes productions de la petite 
culture paroiffant à la fin ꝙ Aouſt pour Etre coupẽes en May. 

2”, Que dans les années ſeches, la perte doit ètre un peu plus ſenſible dans 

le ſyſteme de la petite culture, parce que dans Pun n'y dans autre ſyſteme 
on ne verra paroitre de ſecondes productions (d'une valeur relle) et que la 
lifference du treizieme mois ſur les premieres demeurant en ſon entier, un eſt plus 


{:nfible ſur treize que ſur un nombre plus conſiderable, 
3”, Que, 


"y 36: eatkivv | 
34d, In rainy years the febthd way LAW Tc 
will be the fame, according to born the methods, on ac- 
count of the reaſon given above; to wit, the equality of 
the time which elapſes between their firſt appearance 
and the time of their being cut; and becauſe the advan. 
tage which the great method might expect from its 2 
3 will be loſt by their dns ts rotten at the time 

of cutting. Is 1 
Finally, that the wa difference in the produce of a 
number of years taken together, cannot be confiterable 
enough not to be much more than made up for by the 
produce of my ſecond crop, or rather by cutting the 

whole land, inftead of cutting only three parts of it. 
Notwithftanding the ſtrong reaſons I have to deter- 
mine me to the choice of the fmall plan, T confeſs the 
force 
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3˙, Que dans les annees pluvieuſes, les ſecondes et troifiemes productions ſeront 
egales dans les deux ſyſtemes par la raiſon que nous avons donnee cy deſſus de 
Tegalitẽ du tems qui s ecoule entre la ſortie et la coupe des unes comme des 
autres, et que le benefice que le ſyſteme de la grande culture pourroit eſperer de 

ſes premieres productions ſe trouvera en pourriture au tems de la coupe. 
4, Enfin que la difference totale ſur le produit des annees combines ne peut 
=_ £tre aſſez conſiderable pour n'etre pas beaucoup plus que compenſce par le pro- 
duit de ma ſeconde recolte, ou plutot par une recolte ſur toute la terre au lieu 

c une recolte ſur les trois quarts. 

Malgre Pevidence des raiſons qui devoient me decider à ſuivre le ſyſteme de 
la petite culture j avoue que la force du vieux prejuge m'a tenu moy meme tres 
| lng 


force of . ol a, prejuelices wo beld me in ſuſpence. 1 
'F+ 4; £20897 KI: 
think, however, I may with confidence propoſe it, as I 
1190097 SY 105 1 
have the experience of five years to bear me up in affert- 
ing that, one N with another, t there. iS a difference of 
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long tems en faſpens, mais je crois devoir le propoſer lorſque je puis prouver par 
une experience de cin annees conſecutives une difference de quelque choſe de 
plus qu'un fixieme en fa faveur, une annec e priſe dans autre. 
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" hn the firſt ſhews : a cane entirely without leaves.” 
Ne x. Is the firſt order of roots: they come out of the 


joint to which the bud which is to produce the cane is 


faſtened. All they ſtand in need of to make them come 
out is the moiſture which is contained in the medullar 
part of the plant, and the little fermentation which 
ariſes from the want of circulation after the two. extre- 

mities y and 2 have been cut. Rh 5 
Ne 2. Shews the ſecond order of roots, compoſed 
of its firſt ſet aa, of its ſecond 56, of its third cc, of its 
fourth ad. Theſe four ſets of the ſecond order come 
out 


La figure entiere repreſente 1 une canne à fucre depouillee entierement de ſes 
feuilles. 

Ne 3. Preſente le premier ordre de racines, elles ſortent du nœud auquel 
eſt attache le bouton qui doit produire la canne. Elles n'ont beſoin pour 
ſortir que de Phumidite contenue dans la partie medullaire du plan et de la pe- 
tite fermentation qui ſuit le defaut de circulation ou de balancement de la ſeve 
apres que les deux extremites y et z ont EtE coupees.. 

N* 2. Preſente le ſecond ordre de racines compoſe de ſon premier plan 4 


dy ſecond bb, du troifieme cc, du quatrieme dd; ces quatre plans du _ 
+ 5 


aer Sugar, Canes. = 275 
out of the quadruple ſheath abcd, which contained 
the bud. The firſt ſet of theſe roots cannot come 
out without puſftiing away the leaf which wraps up the 
22 no IO re can any of the reſt; I believe the part 
. Ot! * 

e neck of the . or the place at dich 


64 


3 N 3. Shows the third abi of roots, NODS of its 
firſt ſet ce, of its ſecond ff, of its third gg, and of its 
fourth bb. Each of theſe ſets as it comes out likewiſe 
throws down one of thoſe leaves, which in the body of | 
the work I have called the external, or proper leaves 
of the plant. What is meant to be ſhewn here is rather 
the place than the length of them, as they are commonly 
between twenty and thirty inches long. x and x are the 


ſecond productions or immediate growths of the ſtump, 
Theſe 


ordre proviennent du quadruple Etui de feuilles ſeminales abcd, qui envelop- 
poient Pembryon. Le premier plan de ces racines n'a pu ſortir ſans chaſſer la 
feuille enveloppe du tout; ainfi des autres. Je crois que la partic r forme le 
collet de la plante. 

Ne 3. Preſente le troifieme ordre de cannes compoſe de ſon premier plan ec, 
du ſecond ff, du troifieme gg, du quatrieme hb : chacun de ces plans fait ainſi 
tomber en ſortant une de ces feuilles que JPappelle dans Pextrait, extericures ou 
propres de la plante: je defigne ici plut6t leur place que leur longueur puiſqu 
elles ont ordinairement depuis vingt juſqu'a' trente pouces, x et x ſont les 

Nn 2 ſecondes 
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Theſe ſecond: productions come from buds Which ad- 
here to ſets of roots of the third orden, which third order 
is the only one which gives productions but of the earth. 
The third productions, 2, f, come out af the ſecond. 
The number of the ſets of roots of the third order is un. 
limited. The ſecond is confiried to four ſets. The part 
between f and ſhews the effects of a very dry ſeaſon; 
the joints are ſtunted, and ſometimes only to lines long, 
inſtead of an inch and a half or two inches. When the 
rains begin again, the joints which come out are again 
larger; fee from & to 4 where they are as big as 2 
were between 3 and i. 

The part from / to is what is made uſe of for 
planting; ys is the plant without its leaves. It is, how- 
ever, commonly put into the ground with its leaves, as 

in 
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ſecondes productions propres de la ſouche, ces ſecondes productions ſortent des bou- 
tons attaches aux plans de racine du troifieme ordre qui ſeul donne des produc- 
tions hors de terre. Les troifiemes productions t et t ſortent des ſecondes. Le 
nombre des plans de racine du troifieme ordre eſt illimitẽ; le ſecond ordre eſt 
borne à quatre plans. Depuis i juſques à 4 on voit Feffet d'un ſec tres vif, les 
neeuds ſont Etrangles et n'ont quelquefois que deux lignes au lieu d'un pouce et 
demi deux pouces. Lorſque les pluies recommencent les nceuds qui ſortent ſont 
plus longs, comme on. les voit depuis 4 juſqu'a 1, tels qu'ils ẽtoĩent depuis þ 
juſqwa i. 

La partie depuis / juſqu'à = eft celle qui ſert de plan; yz eſt le plan 


depouille de ſes feuilles, on le met cependant en terre avec ſes feuilles 5 
qu'i 


culticating — Comte. 27 
nn Oy ascthe-ligament. by which the bud is 
faſtenech iti the plant. 00 is the laſt production of the 
plant, and 3s called the arrow; it appears at firſt as an 
arrow (oo), and is then crowned with a pannicle p; it 
ſnoots in September or October, and falls in November 
or December. It is ſaid, that this pannicle contains the 
ſeed of the plant. 

I have ſown it, but nothing has come up. When the 
arrow has dried, and is fallen off, the joints below it 
dry one after the other, when there is little or no rain; 
but if there happens to be much rain, the eighth and 
ninth, or tenth and eleventh joints from the top (ſee 
from / to n) unfold, and form a ſecond head, which 
keeps up the vegetation in the lower part of the plant 
ſome time longer. If theſe joints were to be ſupported 

| as 
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qu'il eſt dans la figure 7. u eſt P ombilie par lequel Pembryon eſt attache au plan. 
00 eſt la derniere production de la canner on Fappelle la fleche: elle paroit 
Cabord comme une fleche telle qu'elle eſt en o et ſe couronne enſuite d'une 
panache p, elle ſort en Septembre ou Octobre, et tombe en Novembre ou 
Decembre. On pretend que ce panache contient la graine de la plante. 

Pai ſeme cette pretendue graine, rien a leve, Apres que la fleche eſt ſẽchee 
et tombee, les nœuds qui la precedent ſe deſſechent ſucceſſivement, &il ne pleut 
que tres peu, ou bien les huitieme et neuvieme, ou dixieme et onzieme avant 
dernier nœud Im fe developpent et forment une ſeconde tete qui entretient en- 
tore la yegetation dans le reſte de la plante. Ces nceuds appuyes a meſure qu ils 

ſe 
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as they come out, they would produce canes, but of an 
inferior ſort to the others. All caries have not arrows, 


and the coraing out of an arrow iy pes on the ſeaſon, 
and not on the age of the cane. W 


ſe dẽveloppent — des cannes auſſi mais * moins belles que 
les autres; toutes les cannes ne flechent point; et Ceft nina * Tage 
de la canne qui decide la ſortie n 
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' ENERATION, when produced from a ſeed, has 
two cauſes which concur towards its perfection; 
the one which forms the ſeed, the other which gives 
it the principle of action (. 

The cauſe which forms the ſeed is called the female, . 
the other cauſe is called the male; but thoſe two cauſes - 
in general make only a part of a whole animal, or are 


(a) It may be *** for ſome of my — to have explained to them 
what I mean by a ſeed. I do ſuppoſe, that the word ſeed was firſt applied to 
grain, or that which is always called ſeed in the vegetable; which ſced is the part 

of that claſs.of v in which the matter of the young vegetable exiſts, or is 

formed. The principle of arrangement fitting the parts for action in this claſs of 
ſeed being at firſt not known, a falſe analogy between the vegetable and animal 

| vas eſtabliſhed, diz. the ſecretion of the teſtes (the only known principle in the 
animal) was called the ſeed: . but from the knowledge of the diſtinct ſexes in the 
vegetable it is well known; that the ſeed is the female production in them, and 
that the principle of arrangement for action is from the male. The fame ope- - 

Alon and principles take place in many orders of animals, viz. the female pro- 

duces a ſeed, in which is the matter fitted for the firſt arrangement of the organs 

© the animal, and which receives the principle of . fitting them 
bor action from the male. 


rather 


os Mr. N + 4 of 


rather parts ſuperadded to an animal. Probably they 
were firſt conſidered in thoſe animals where thoſe parts 
were ſeparated, or in which the female parts were wholly 
found in one animal and the male in the other; there. 
fore the terms female and male have been apphed to the 
whole animal, dividing them into two diſtinct ſexes, and 
the parts which formed either the one ſex or the other 
called either the female or the male parts of generation; 
but upon a further knowledge of animals, and of thoſe 
parts, they were found to be united in the ſame animal 
in many of the inferior tribes, who, from poſſeſſing both 
Parts, have got the name of hermaphrodite. 2 

As both thoſe parts are natural to moſt animals, and as 
the union of them in the ſame animal i is alſo natural to 
many, and the ſeparation of them in diſtinct animals, is 
only a circumſtance making no effential difference in the 
parts themſelves; it becomes no great effort or uncom- 
mon play in nature to unite them in thoſe animals in 
which they are commonly ſeparated. * 

And accordingly we find many of thoſe orders of ani- 
mals, which have them ſeparate naturally, have them 
ſometimes united. 

From this account hermaphrodites may be divided 
into two kinds; the natural, and the unnatural uncom- 
mon or monſtrous, 


3 


The 
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The natural belongs to the inferior and more ample 
order of animals, of which there are a- much greater 
number than of me more perfect; but as animals be- 
come more complicated, have more parts, and each part 
i more-confined to its particular uſe, a ſeparation of the 
two neceffary On for Monroe have ate o taken 
place in them. 
The ed 1 Abtlengibes and then takes Wel in 
every tribe of animals having diſtinct ſexes, but is more 
common in ſome than in others, I fancy the human 
has the feweſt; never having ſeen them in that ſpecies 
nor in dogs: cats · we know leſs of; but in the horſe, 1 
ſheep, and cattle; they are very frequent. 
Though this ſpecies of hermaphrodite be a mixture f 
both ſexes, and ſo pofſeſſes the parts peculiar to each in 
perfection, there is yet one part of each which it does 
not poſſeſs: I mean the part which is common to both. 
For as this common part is different in one ſex from 
what it is in the other, and it is impoſſible for- one ani- 
mal to have both kinds; that which they do have muſt 
of courſe partake of both fexes, and conſequently render 
the hermaphrodite inperfect quoad bor. 


— - — 


( b) Dvere, Is there ever in the tribe C animals, "that are pi herma- 


phrodites, © a ſeparation-of-the two parts? | | 
Vol. LXIX. O 0 This 


This. one or common part ĩs the chtorir i in the female, 
and Penis in the male; and the great difference in this 

4 part between the one ſex and the . and . 
= foration for the emen. re un Poti W 
But thoſe parts, which are —— — 
be all perfectly joined in the ſame animal, which would 
come up to the idea of the trueſt hermaphrodite... 
The hermaphrodites ot. this. kind, which L have * 
have always appeared externally, and, at firſt view, to be 
females: and in thoſe ſpecies of animals where only the 
female is preſerved for. breeding, as in ſheep, goats, pigs, 
&c. they are generally. ſaved as females. . .. -- 
In the horſe they. are very frequent: I have fo 5 
ral, but never diſſected any. The moſt perfect I have 
ſeen in this ſpecies were thoſe in which the teſticles had 
come down. out of the add ben into the place where the 
udder ſhould have been (vis. more forward than the 
ſcrotum) and appeared like an udder, not ſo- pendulous 
as what the ſcrotum is in the true male of fuch animals. 
There were alſo two nipples, which horſes have no per- 
fect form of, being blended in them with the ſheath or 
prepuce, of which there was none here. 
The external female parts were exactly ſimilar to 
thoſe of the perfect female; and, inſtead of a common- 
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* de Free Martin. 28 3. 8 1 . k 
ſized chtorisy there was'one about five or ſix b lon 85 = 
which, when erect, ſtood almoſt directly backwards. 
1 procured a foal aſs, very ſimilar in external appear - 
ance to the above horſe, and killed it, to examine the 
parts. It had two nipples, but the teſticles were not 

come down as in the above; owing, * to the ani- 

mal's being yet too young. 5 

There was no penis paſſing b the picbis to the 
belly as in the perfect male aſs. 

The external female parts were Gmilar to | thoſe of the 3 
ſhe-aſs. Within the entrance of the vagina was placed A = 
the ciytoris, but much longer than that of a true female, 
being about five inches long. The vagina was open a 
little further than the opening of the urethra into it, and 

then became obliterated; from thence uÞ to the fundus 
of the aterut there was no canal. dt % ez (7. 4 
At the fundut of the common uterus it Was balles, Or 
had a cavity in it, and then divided into two, vis. a right 
and a ws 2 — horns of the wterws,: which were 
Beyond the: 8 the tWo horns were aun 
the ovaria as in the true female, but I could not find the 
Jailopian abe, Ii bas ned! 03 . RT's 
From the bepaddigantents t wr the edges of which the 
| horns of the aterus and the ovaria were attached, there 
O O 2 | _ paſſed 
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; paſſed towards each groin à part ſimilar to the round li- 
gaments in the female, which were continued into the 
rings of the abdominal muſcles; but with this difference, 
that there were continued with them a proce/s or theca of 
the peritoneum, ſimilar to the unica vaginalis communis 
in the male aſs; and in theſe #bece were found the 
teſticles: but I could not e any vaſa wa 
paſſing from them. Sie ae 1 | 
Here then we found in the a. animal the parts pe- 
culiar to each ſex (although very imperfect), and that 
part which is common to both (but different in each) 
was a kind of medium of that difference. 
Something ſimilar to the above I have ſeen in ſheep, 
goats, 8c.; but I ſhall not at preſent trouble the Society 
with a deſcription of hermaphrodites in general, as it is 
a very extenſive ſubject, admitting of great variety, 
which would make it appear a production of chance, 
whereas the intention of this paper is to ſhow a circum- 
ſtance which takes place in the production of herma- 
phrodites in cattle, and which appearing to be an eſta- 
 bliſhed principle in the cexconomy of propagation of that 
ſpecies of animal, and not a production of chance, is, 
perhaps, peculiar to them, and, probably, the only way 
in which they are ever produced in this ſpecies: / 
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It is xknown fact, and, I believe, is underſtabd to be 
univerſal, that when a cow brings forth two calves, and 
that one of them is a bull-calf, and the other a cow to 
appearance, the cow-calf is unfit for propagation; but 
the bull-calf becomes a very proper bull. ' They are 
known not to breed: they do not even ſliew the leaſt 
inclination for the bull, nor does the bull ever take the 
leaſt notice of them ©. 

This cow-calf is called in this country a free martin; 
and this ſingularity is juſt as well known rde the far- 
mers as either cow or bull. 1 

This calf has all the external marks of a cow-calf 
ſimilar to what was mentioned in the unnatural herma- 
phrodite, vis. the teats and the external female ns | 
called by farmers the bearing. 

When they are preſerved it is not for propagation, | 
but for all the purpoſes of an ox or ſpayed heifer, vis. 
to yoke with the oxen, and to fatten for the table (/. 

They reſemrable in form thoſe imperfect animals very 
much, vis. they are much larger than either the bull or 
the cow, and the horns grow larger, being very ſimilar! 
to the horns of an ox. 


-« 


(c) I need hardly obſerve here, that if a cow has twins, and that they are 
both bull-calves, that they are in every reſpect perfect bulls; or if they are 
both cow - calves, that they are perfect cows. 

(4) Vide LESLIE on Huſbandry, p. 98, 99. 

The 
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The bellow of the free martin is ſimilar to that of an 
ox, which is not at all like that of a bull; it is more of 
the cow, although not exactly that. | 

The meat is alſo ſimilar to that of the ox or * . 
heifer, vis. much finer in the fibre than either the bull 
or cow; and they are more ſuſceptible of growing fat 
with good food. By ſome they are ſuppoſed to exceed 
the ox and heifer in delicacy of —_— and bear a higher 
price at market. 

However, it ſeems that this is not univerſal; for I was 
lately informed by CHARLES PALMER, eſq. of Luckley in 
Berkſhire, that there was a free 'martin killed in his 
neighbourhood, and, from the general idea of its being 
better meat than common, every neighbour beſpoke a 
piece, which turned out nearly as bad as bull beef, at leaſt 
worſe than that of a cow. It is probable, that this might 
ariſe from this one having more the properties of the 
bull than the cow, as we ſhall ſee hereafter that they are 
ſometimes more the one than the other + -_ 
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(e The Romans called the bull taurus : they, however, talked of tauræ ir 
the feminine gender. And sTEPHENsS obſerves, that it was thought the Romans 
meant by tauræ, barren cows, and called them by this name becauſe they 
did not conceive any more than bulls, He alſo quotes a paſſage from 


£OLUMELLA, lib, vi. cap. 22. (and like the tauræ, which oceupy the place of 
% 5 | 6& fertile 
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accounts given of them, I ſhould. very 3 ſuſpect that 
theſe are hermaphrodites produced in the common way, 
and not like thoſe of cattle. They are often imperfect 
males, ſeveral of which 1 have ſeen. They are men- 
tioned as. both male and female, which is not reconcile- 
wle to the account given of the free martin. 


believe it has never been even ſuppoſed what this 


mimal is, with all thoſe peculiarities. 

From the fingularity of the animal, and. the account: 
of its production, I was almoſt ready to ſuppoſe the ac- 
count a vulgar error; yet from the univerſality of its. 
teſtimony it appeared to have ſome foundation; and. 
therefore I made all the inquiry I could for an opportu- 
nity of ſceing one, and alſo to examine it. Since which 
time I have accordingly had an opportunity of ſeeing 
three; the firſt of which was one belonging to JohN 
ARBUTHNOT, eſq. of Mitcham, which was calved in his. 
own farm. He was ſo obliging as to give me an opportu- 
nity of ſatisfying myſelf. He allowed me, firſt, to have a 
drawing made of the animal while alive, which was exe- 


* fertile cows, ſhould be rejected, or ſent away.” He likewiſe quotes vaRRo, 
De re Ruftica, lib, ii. cap. 5. The cow which is barren, is called laura. 
From which we may. reaſonably conjecture, that the Romans had not the 
idea of the circumſtances of their production. 


O LesLE's Huſbandry, p. 156. 
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Free martins are ſaid to be in ſheep ; but Hats the a 
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cuted by Mr. iL PI. When the drawing was made of 
Mr. ARBUTHNOT's free martin, JOHN WELLS, eſq. of 
Bickley Farm, near Bromley in Kent, was preſent, and 
informed us, that a cow of his had calved two calves; 
and that one was a bull-calf, and the other a cow-calf. l 
deſired Mr. ARBUTHNOT to ſpeak to Mr. WELLS to keep 
them, or let me buy them of him; but, from his great 
defire for natural knowledge, he very readily preſerved 
both, till the bull ſhewed all the fi * of a _ bull, 
when he ſold him. 
From the diffeftion of the three above mentioned free 
martins it plainly. appeared, that they were all herma- 
phrodites differin g from one another; as is alſo the caſe 
in hermaphrodites | in other tribes. 9 
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The mm parts were * — — in the 
cow. The vagina paſſed on, as in the cow, to the open- 
ing of the uretbra, and then it began to contract into a 
{mall canal, which paſſed on to the diviſion of the uterus 
into the two horns, each horn paſſed along the ed ge of 
the broad ligament laterally towards the ovaria. | 
At the termination of thoſe horns were placed both 
the ovaria and the teſticles; both were nearly of the ſame 
ſize, which was about as large as a ſmall nutmeg. . 

To the ovaria I could not find. any Fallopian tube. 
To the teſticles were vaſa deferentia, but they were 
imperfect. The left one did not come near the teſticle; | 
the right only came cloſe to it, but did not terminate in a 
body called the epididymis. They were both pervious, . 
and opened into the vagina near the opening of the 
urethra. 


(g) This animal was about ſeven years old, had' been often yoked with the 
oxen ; at other times went with the cows and bull, but never ſhewed any deſires 
for either the one or the other. 
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290 My. mowtens Account of 

On the poſterior ſurface of the bladder, or r betwern 
the uterus and bladder, were the two bags, called ve. 
cule ſerftinales'' in the male, but much ſmaller than what 
they are in the bull: the ducts opened along with the 
daſa deferentia. This was more deſerving the name of 
hermaphrodite than the two following; for it had a mix- 
ture of all the parts, although all were imperfect, 


My. warenT's Pree Martin, five years ol. 


The vagina terminated in a blind end, a little way 
beyond the opening of the uretbra, beyond which the 
vagina and uterus were impervious. The ferns at its 
extreme part divided into two horns. At the termina- 
tion of the horns were placed the teſticles inſtead of the 
ovaria, as is the caſe in the female. The reaſons why! 
call thoſe bodies teſticles are the following. Firſt, they 
were more than twenty times larger than the ovaria of 
the cow, and nearly as large as the teſticles of the bull, 
particularly as thoſe of the ridgill, the bull whoſe teſti- 
cles never come.down. Secondly the ſpermatic arteries 
were exactly ſimilar to thoſe of the bull, eſpecially of the 


ridgill. Thirdly, the cremafeer muſcle paſſed up from 


tze Free Martin: 297 
the rings of the abdominal muſcles to the teſticles, as it 
does in the ridgill'”/. 

There were the two bags placed behind the bladder, 
between it and the #7erus. Their ducts opened into the 
vagina, a very little way beyond the opening of the ure 
bra; but there was nothing ſimilar to the ua/ defe- 
rentia, | 

As the mer parte had more of the cow than the 
bull, the chtoris, which may alſo. be reckoned an exter- 
nal part, was alſo ſimilar to that of the cow; not at all in 
⁊ middle ſtate between the penit of the bull and the c- 
toris of the co.. as I have deſcribed in the hermaphro- 
dite horſe. There were four teats; the glandular part of 
the udder was but fmall. 
This animal cannot be faid to have been a mixture of 

all the parts of both ſexes, for the c/zo7is had nothing 
fimilar to the penis in the male, and was different in the 
cow part, in having nothing ſimilar to the , nor 
was the #727145 a cavity. 


(b) Although I call theſe bodies teſticles for the reaſon given, yet they were 
only imitations of ſuch, for when cut into they bad nothing of the ſtructure 
of the teſticle: not being ſimilar to any thing in nature, they had more the 
appearance of diſeaſe. From the ſeeming imperfection of the animal itſelf, it- 
was not to be ſuppoſed that they ſhould be teſticles, for then the animal ſhould! 
have partook..of the bull, which it certainly did not. 
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Mr. n Free Martin. 


0 


This animal was never ſeen to ſhew any ſigns of a 
deſire for the male, although it went conſtantly with 
one. It looked more like an heifer than what they 
commonly do; but as it was only between three and four 
years old when killed, it is very probable, that it was not 
ſufficiently old to have taken the characters of the ox; 
however, this may be owing to another circumſtance 
that will be mentioned hereafter. 1 | 

The teats and udder were ſmall compared with thoſe 
of a heifer, but rather larger than in either of the former; 
the beginning of the vagina ſimilar to that of the cow, 
but it ſoon became obliterated beyond the opening of the 
urethra, as in the laſt deſcribed, The vagina and wierus 
to external appearance was continued, although not per- 
vious, and the uterine part divided into two horns, at the 
end of which were the ovaria. * 2 

I could not obſerve in this any, other body which I 
might have ſuppoſed to be the teſticle. + 

There was on the fide of the uterus an interrupted 
was deferens broken off in ſeveral places. 


4 Behind 


tbe Free Martin. 293 
Behind the bladder, or between it and the vagina, 
were the bags called ve/icul# ſeminales, between which 
were the terminations of the two vaſa deferentia. 

The ducts of the bags and the vaſa Wee opened 
as in the former. 

This could not be called an exact; mixture of all the 
parts of both ſexes, for here was no appearance of 
teſticles. 5 

The female parts were imperfect, and there was the 
addition of part of the vaſa deferentia, and the bags 
called ve/icule ſeminales. 

This circumſtance of having no teſticles, perhaps, was 
the reaſon why it had more the external appearance of a 
heifer than what they commonly have, and more than 
either of the two former had. 
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METEOROLOGICAL JOURNAL 
for January 1778. 
Therm Barom. Rain.“ Winds, | * 
ithinl 7/4 * 
- — — —— Weather. | 
Inches. Inch. | Points. Str. 
118 o 34,0 | 35,0 2,69 1 Cloudy. 
2 0 35,0 | 35,0 2,92 1 Cloudy. 
208 | 34550 29,95 JA 
| 2 3595 29,94 1 Fair. 
318 32,0 29,94 SE | 1 Fair and froſty, 
2 o 29,84 | SE 1 Fair and froſty, 
48 35,5 29,72 0, 169 W by N| 1 Cloudy. 
2 37,5 29,77 | I Foggy. 
8 4. 2555 12 7 
* 37.5 2% r A 
618 35,5 139,31 1 |Cloudy. 
2:4 37,5 30, 31 1 ir. 
718 © 37,5 30, 2 | 1 Cloudy. | 
2 0 9,0 30, 26 1 Cloudy. 
818 © 3555 | 30,20 1 |Cloudy. 
2 © I 30,7 1 Fair. 
9 8 o 35,0 30, 32 I Fair. 
2 0 34,5 30, 30 1 Fair. 
10] 8 © 35,5 30, 16 1 Fair. 
8 © 30,5 30,0) 1 Fair. 
3 8 Of 35,9 129,90 1 Fair. 
e% 1 29 ol. 38.5 1. 30,0 29,92. 1 now... 
| 12] 8 0 33,0 | 35,0 29,63 1 Snow. 
2 0 38,0 | 37,5 29,57 1 Fine. 
| | 13] 8 of 33,5 | 36.0 [29943 1 Snow. 
| 2 0 35,5 | 38,5 29,35 1 Fair. 
| 1448 of 33,5 | 37,9 |28,87 2 Cloudy. 
| 2 o 37,0. | 39,0 28, 59 1 Kain. 
| 15} 8 of 40,0 | 41,0 |28,68 1 Fair 
| | 2 ©| 45,0 | 42,5 28,76 1 Rain. 
| 16] 8 of 44,0 | 44,0 29, o 1 |Cloudy. 
| | | 2 ol 48,0 | 46,5 29,19 1 Fair. 3 
| 
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H. M. inches Inch. Points. Str. 
N b — — | , 
7 O 1 Fair. 
2 01 Tp 1 
5 a I 
2 Oh 1 | 
F.-Y 1 ; 
Ka: I : 
200.7 © 1 ; 
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Tperm. Therm. Wr 85 
without|within. | | 1 
Ir n | eather. 
1 Inches. Inch. 
| 45,0 | 0,026 1 |Fair, 
49,5 1 |Fine, 
40,0 I Fine. 
51,0 1 Fine. 
4755 1 |cair, 
52,0 1 Fine. 
50,0 I » F ine. 
54,0 1 F ine. 
47,0 I [Fine. 
50,0 1 Fair. 
| 44,0 2 Fair, | 
46,0 2 Kain. ö 
4235 1 Fine. þ 
46,0 1 Fine. g il 
42,0 I Fine, = 
46,5. 1 Fine. Wt! 
| 44,0 1 Fine. # 
48.5 1 Fine. iN 
4.335 1 Fine. 5 | 
47,0 1 Fine. 1 
4550 1 Rain. 1 I 
50,0 1 Fair. Fi 
| 47,0 1 |Fair, . 44 
58,5 1 Cloudy. . 
48,0 I |Fair. 5k 4 
52, o 1 Fine. by 
49,5 1 Fair. . 
8320 29,32 I Fine, x 5 
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METEOROLOGICAL JOURNAL 
for May 1778. 
Time. Therm. Therm. Baron Ram. Winds. 
ſwithoutſwithin. F508 | 

H. M.“ | }lnches. | Inch. | Points. Str] 

7 of 49,0 | 52,0 29.34 | \ ENE | 1 Cloudy. 
2 O] $245 | 335 29,43 E by 8 I Rain. 
7 01] 59,0 | 53,0 29,601 o, 327 8 by E | I Fine. 
12 of 38,5 55,0 29,62 S by E| 1 Rain. 
7 of 51,0 | 54,0 29, 55 o, 155 E by S| 1 Rain. 

2 0 61,0 | 57,5 29,54 j SE | 1 Rain. 
7 of 53,0 | 56,0 29,55 o, 124 SSW | 1 Rain. 
2 0 65,0 | 62,5 29,61 | SW | 1 Fine. 

7 of 540 57.0 29,74 SSW | 1 Fair. 

2 of 51,5 59,0 | 29,94 SW | 1 Fine. 

7 ol 50,0 | 55,5 29 98 [0,038] Sby EI 1 | Fair. 
2 0 59,0 | 57.5 [29,95 SE | 2 Fair. 
7 0 540 | 56,5 129,82 o, o20 8 by W 2 Cloudy. 
2 ©] 61,5 | 58,5 29,85 SW | x Fine. 
7 of 52,5 | 56,0 29,94 o, o12 8 by EI Fine. 

2 Of 61,0 | 59,0 29,94 SE | 1 | Cloudy. 
7 0 53,0 | 54,0 {29,91 S by WI Fair, 

2 of 58,5 | 58,0 20,9 W bW 2 Cloudy. 
7 of 56,0 55,0 30, 20 [0,046 SW | 1 Fine. 

2 © "66,0 | 59,0 30, 20 | SW 1 Fine. 

7 054.5 | 56,0 30, 10 SW by=<| 1 Fine. 

2 0 57,0 | 64,5 | 30,03 SW | 1 |Fine. 

7 056,5 8,0 29,70 SW | 1 Fine. 
2 ©| bg,s 3,0 29, 66 8W | 2 Fine. 

7 o 53,0 | 59,0 29, 55 0,034 8 by EI Kain. 
2 ©] 64,5 | 62,0 29,59 SW II |Fine, 

7 055,0 J 59,5 29,5 |0,010| Sby E 2 Fine. 
2 0 67,0 | 61,5 29,79 1SbyE} 2 Fine. 

7 o 52,5 | 59,0 |30,03 o, oio S by W | 1 [Fine, 

2 ©| 63,5 | 61,0 | 30,04 SW | 1 |Fine, 

7 Ol 55,5 | 59,0 29,97 Sby WII Cloudy. 
e ol 68,0 | 61,5 129,99 | | SW II bine. 
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for May 1778. | 
| | 
Fime. Term. Therm.|Burom. Rain. | Winds. 2 ”" "| 
without|within. | . 4 
— — - — Weather. 
H. M. | Inches. | Inch. | Points, Str. 
7 of 5% | 58,5 29,3 [0,075] SW | 2 | Cloudy, 
2 0 59,0 | 61,5 29,67 SW | 3 |Cloudy, 
18] 7 of 51,0 | 58,0 29,68 [o,114| SW | 2 Fine. | 
S UL 61,5 59,5 29,75 8 SW 2 Fine. 
19] 7 O| 52,0 | 56,0 30, oo  WSW | 1 |Fine. | 
2 0 650 | 60,0 30,14 SW | 1 Fine. 
20] 7 9 53,0 | 570 30,2 WSW | 1 Fair. 
2 0 62,5 | 59,0 30,28 '| WSW | 1 Fair. 
2117 o 55,0 | 58,0 30,24 NNE | 1 Cloudy. | 
| 2 ©] 66,0 | 61,0 |30,20 1 | Fine, | 8 | 
227 0 54.5 | 60,0 29,96 I Fair, | 3 
2 ©| 58,5 | 59,5 29592 1 Kain. HE 
23] 7 0 50, 557,0 30,0) 1 Fair. | 
2 0 60,0 | 58,0 30, 12 | I Fine. WH 
2447 90 51,5 56,0 30,08 1 Fine. 1 
2 0 62,0 | 57,0 30, o5 1 Fine. | ws 
25] 7 ©| 5, | 545 29,41 1 Fair. : Pp 
2 0 58,0] 56,0 29,76 1 Fine. | * 
267 ©| 88.0 56,5 29,91 1 Fine. | = 
2 O| 0,0 | 61,5 29,98 I Fine. | N 
7 o 56,0 | 60,0 29,88 1 Cloudy. = 
2 0 63,0 62,0 29,88 I Fair. | 1 | 
7 O| 54,0 | 59,0. 30,03 I Fine. [ 
2 © 05,0 | 61,0 30,11 I | Fine. * 
7 o 57,0 | 60,9 30, o8 1 Cloudy. | 
2 0 68,5 | 64,0 |30,03 1 Fine. = 
7 ©| 56,0 | 61,5 30,07 NE | x Fine. | 
2 O| 71,5 | 65,0 [30,02 SW | 1 Fair. "t 
7 ©| 57,0 | 62,0 [30,00 | SSW | 1 |Fair. » 
2 ol 66,0 64,9 [30,04 | NE 1 Cloudy. TE (4 
R r ME T E- 


Fe 2 "IC A . 9 a or 4 y . 2 - i ah. 7 4 n 2 p — * 9 * 
l * a *% OY 4 1 Slat lt ds. a $I TT” nl - * As 
EY, LY IF 7 ay OT? > * : „ "alt 5 renn * 1 ” 
. =_- P's A 4 er 1 4 , . FY * — v ; - 2 
* N * * e J * * by * a 8 + i. bo * KS.” * 2 1 at : * w * — 4 * * 
WE * : ON"? „ 1 ow * —_— * * „ * 42 
. * TT . . hs” * | R a 9 
of * F OP . Worn W 4 0 99 1 
— . 6 * — SF a - Z . 
= oy — 


L 306 JF 


METEOROLOGICAL JOURNAL 
ime. Therm. Therm. Barom. | Rain. | Winds. 1 
| without|within. | oY 
LL OED Ve 1 | 
H. M. | Inches Inch. Points. Str. 
—— —- —̃ — BG) — | | ͤ— — 
une 17 O| 57,5 | 63,0 30, 3 | SSW | 1 
| | 2 ©| 92,0 | 67,0 [20,03  $W [1 
| 2 7 0 57,0 | 61,0 [30,06 | SW | 2 
2 ©| 66,5 | 63,0 30, | SW | 2 
| 3] 7 ©| 52,0 | 60,0 [29,84 [0,012] SW | 1 
| 2 062,0 | 61,5 29,84 SSW I 
47 .0| $35 | 60,0 29,75 | SSW | 1 | 
2 © | x | 
5|7 © | I | 
1 | 6 I 
| 67 © | 1 
| 2 © | 2 
R TAY N 
2 O 11 
| 817 © | I 
| 12 o 11 
9} 7-- vhs 11 
T 5 < 11 
1067 © 812 
14 © 4 1 
1117 Fel 1 I 
(i 4-8: Qs | 1 
| 1247 0 11 
| 2 © f 1 
f 1 
| 8 1 I 
| 1447 00 1 
2 OF» 4 I: 
d- IF | | 1 
; | j_2 0 4 430519 3 E * | l 14 . 
2007 61,0 [30,15 [0,016|W by N| 1 Fair. 
. 2 0 04,0 | 62,0 30, 18 | NW II Fine. 5 
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| for Fune 1778. 
—"TFime.[Therm.] Therm. ; * 
| | [without|within., 5 | 
H. M. 1 
. | ol 
Tunes) 4 © 1 Fair 1 
18 1 1 Fair. 
| 45” 1 Fair. 
9 1 © 1 
0 e 
1 9 1 2 
Rs , 7 1 Fine. 
1 Fair. 
2207 2 1 Fine. | 
5 1 Cloudy. | 
2 1 Fine. | 
a : o r Fine. | 
41! 12 
2 © ty 
25 7 © 2 Fine. 
2 ol I Fair. 
260 7) © 1 Cloudy. 
2 ol- I Fine. 
27 7 0 1 Fine. 
12 Oh . . 
28] 7 ol. 1 Fine. | 
2 0 . — 
| 140 ine. 
*. Y 1 | Fine, 
1 Fine. 
5 7 7 1 Cloudy. 
- Eine: 
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for July 1778. 


EN 


Lime. Therm Therm. Barom. Rain.“ Winds. 
withoutſwithin. | | 
| H. M. Inches. Inch. | Points. Str. 
| | 
uly 17 0 65,0 | 70,0 29,85 S by EI Cloudy. 
== 2 0 68,0 || 70,0 4 SE | 1 Cloudy. 
| 27 of 63,5 | 67,5 | 30,08 TH BEN. -þ 
2 0 78,0 | 72,5 30, 12 W | 1 Fine. 
| 3] 7 9 63, | 69,0 |30,01 [Sby WI Eine. 
2 0 75,0 | 72,5 29,98 8 | 1 Fine. 
4| 7 ©|. 65,0 | 70,0 |30,02 5 WII Fair. 
2 0 78,0 | 73,0 30, o8 SW | 1 bine. 
5| 7 ©] 70,5 | 72,0 29,96 ESE | 1 Fine. 
2 of 82,0 | 78,5 29,95 SW | 1 Fine. 
667 of 67,5 | 76,0 [30,00 |0,204| WbyS| 1 Fine. 
2 o 78,0 | 76,0 30, | SW | 1 |Fine. 
7 of 61,5 | 72,5 30, 4 NWbW] I | Fine. 
2 0 74,0 | 72,0 |30,02 NW | 1 Fair. 
8| 7 o] 62,5 | 70,5 30, 15 NW | 1 Fine. 
2 0 73,5 | 72,5 30, 24 NW | x Fine. 
9] 7 o 63,0 | 66,0 30, 28 NW | 1 Fine. 
2 0 80,0 | 73,5 30, 29 NW | 1 Fine. 
7 7 0 66,5 69,5 30,20 : W II Fair. 
2 of 82,5 | 79,0 30, 20 W by NI 1 Fine. 
1117 © NW | 1 Fine. 
2 0 NW 1 Fine. 
1247 © NW | 1 Fair. 
2 © | NW | 1 Fine. 
13] 7 © ENE | 1 Fine. 
= SSW II Fine. 
| 147 © W by >| 1 Fine. 
| 2 © SW | 1 |Fine, 
| 7 0 63,0 | 71,5 |30,19 NE | 2x Fair. 
2 Of 77,5 | 76,5 35, 23 NE | 1 Fine. 
16] 7 of 67,0 | 72,0 30, 11 | SE | 1 Fine. 
RM 2 ol 83,5 | 79,5 30,0 | SW | 1 Fine. 
— — — — — —— 
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METEOROLOGICAL JOURNAL 
for July 1778. 
fkime. Therm. Therm. Barom. Kain. Winds. | 
withoutſwithin. | 
——— — - Weather. 
H.M Inches. | Inch. | Points. Ser. 
July 17| 7 o| 66,0 | 73-9 30, o4 NNE | 1 Fair. 
2 0 72,0 73.0 30,14 NE | 1 Fair. 
18] 7 0 62,0 | 68,5 30, 17 SE I Fine. 
2 ©| 78,0 | 72,0 |30,12 ESE | 1 Fair. 
19] 7 0 64,0 | 65,5 29,97 EbyS| 1 [Fire and clear. 
2 ©| 18,0 | 72,0 29,94 Sy I Clear. 
207 0 66,5 | 71,0 29,57 NE | 1 [Clear, th. and I. laft night. | 
2 O| 69,0. 130- [29-52 S by W I Noch ch. I. and heavy rain. 
21] 7 0 62,5 | 66,0 29,48 0,990 N by Ef 1 Fair. | 
2 0 72,0 | 75,0 20, 5 133 NE [| 1 Clear. 
22| 7 of 58,5 | 67,5 29,7 , 1860 W by s I Cloudy. 
2 of 67,5 | 66,5 |29,85 'W byS| 1 |[Cloudy. 
23 7 of 61,0 | 65,5 29,67 o, 165 SSW | 2 Rais, much wind laſt n. | 
2 ©| 62,0 | 66,5 29,72 SW [| 1 Rainy. | 
2447 o 57, | 64,5 29,2 , 175 SSW | 1 Rain laſt night, 
2 0 59,0 | 66,0 29, 69 . | SW [| 1 [Much rain. 
25 7 ©|. 58,5 | 64,5 [29,62 |0,872} SE | 2 Rainy. 
2 of 68,5 | 68,0 29,57 SE | 2 Rainy. 
26 7 : Ol 60,0 | 64,5 29578 O, 209 SW 2 Fine, much wind laſt n. 
2 © 68,5 67,0 29,84 SW 2 Pine, after mack w. & ſhow. 
27] 7 of 61,5 | 65,5 29,82 co, oi 5 S by WI 1 Cloudy. | 
2 o 74,0 | 68,5 29,82 SW | 1 |Fine. | 
28] 7 o 640 | 67,0 [29,72 | 0,082] SW | 2 [|Cloudy, wind and r. laſt n. 
2 ol 68,5 | 68,0 [29,75 SW | 2 Showery. 
| 29] 7 of 60,0 | 66,0 [29,79 [0,046] WSW | I Pair. 
2 ©| 70,0 | 68,5 29,99 SW | 1 Fine. 
30| 7 o| boys | 63,0 29,88 8 by EI Cloudy. 
2 0 72,5 | 18,0 20, 80 8 I Cloudy. 
31] 7 o 59,0 | 65,0 129,77 o, 209 S by E | 1 Cloudy. 
E. 2 o 65,0 | 05:0 29,83 . Y [agecd {ain,ths apd Egkts 
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for September 1778. 


Time. Therm. Therm. Barom. Rain. Winds. 
withoutſ within. | 
ad 5% 4 Wo > A _—_ _ 
H. M. | Inches. Inch. | Points. Str. 
BY 1 — r — FOE 
1 7 of-44:5 55, 30, SW] ( 
2 0 64,0 | 59,0 |30, SW [ 1 
2| 7 o| 55,5 | 58,5 129, WNW 
2 0 63,0 | 61,5 29594 NW | 1x 
3| 7 0 55,5 | 60,0 29,88 o, oa) N by w| I 
2 0 67,0 | 63,5 29,86 NNW | 1 
4| 7 0 49,0 | 60,0 30,01 11 
2 0 65,0 | 62,0 29,98 | 1 
5| 7 o 50,0 | 59,0 130,00 | 4. 
2 0 63,5 | 651,5 30501 1 
617 ©| 47,0 | 53,5 | 30,01 I 
2 0 04,5 | 595 2999 4 
7 ©| 56,0 | 58,0 29,07 I 
2 0 61,0 | 61,5 29,85 I 
8] 7 O| 5335 | 595 29,95 I 
2 o 68,0 | 03,5 30, 3 I 
g| 7 of 52,0 | 59,0 30,9 I 
2 0 64,5 | 02,0 | 30,05 I 
10] 7 ©O| 52,5 9,0 129,98 I 
2 .O| 65,0 | 02,5 129,93 T 
1117 O|-55,5 59,5 29,54 I 
2 0 54,0 J 60,5 29,48 I 
127 0 53,0 | 855 29548 I 
2 0 1,0 29,50 2 
137 © 57,0 20,68 I 
3 24 | 60,5 129,78 I 
1447 © 56,0 [30,05 I | 
2 © 5950 30, 15 I 
1317 * 35 30,23 I 
2 O | $945 : 30,20 1 1 
167 © 56,0 29-90 I 
2 o] 66,5 | 62,0 129,00 I 
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METEOROLOGICAL JOURNEY 
for November 1778. 
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It was found by the method deſcribed in Phil. Tranſ. 
wl. LXVI. pf 387. that the variation ſhewn by the in- 
Vo I. LXIX. 71 ſtrument 


ſtrument is 9 too great, fe tax the mean pak is. 
really, only 22” Fr ail, thet Abba: re, as the Yariation at 
the Saciety's Houſe ſqems to be 1 5 1 FRAN 15;qughe 


to be, by reaſon f the. magnetiſm. of t the building; (vide 
the ſame place) the true variation ſeems to be 217 5 92. 


The r reaſon why the inftryment now. ſhews the Piz 
tion 9 too great, whereas before the errors was inſen- 
ſibls is, that a ſmall alteration has been made in the 
agate cap of the needle' fince the laſt year's obſervations, 
as it was thought not to have been faſtened before in a: 
une en „„ 
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XXII. Account of the Manner in which the Ruſſians treat 
Perſons aff ecled by the Fumes of burning Charcoal, and 
other Efftuvia 0 f the ſame Nature. Ina Letter from 
Matthew Guthrie, M. D. 70 Joſeph priemey, LL. D. 
F. R. S. 


Read March 4, 1579. 

DEAR SIR, r ehe 
SHALL endeavour to 'recollect, according to your 
deſire, the particulars of that part of my former let- 
ter which related to the mode of recovering people in 
Ruſſia, who are apparently deprived of life by the prin- 
Vo IL. LXIX. 1 ciple 


"have only ſin gle ones, which is the reaſon that, during 2 


and this plate of ice is converted into water, there is a 


Dr. GUTHRIE on tbe Ruſſian Manner of © 
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ciple emitted from burning charcoal, or by the in- 
eee cher inſides of the "_ kun 


when it ha ws: eee + 
People of condition in this country have double win- 
dows to their houſes in winter; but the commoner ſort 


ſevere froſt, there is an incruſtation formed upon the in- 
ſides of the glaſs windows. This ſeems to be compoſed 


of condenſed breath, perſpiration, 8c. as a number of 
people live and fleep in the ſame ſmall room, eſpecially 


in great cities. This excrementitious cruſt is farther im- 

pregnated with the phlogiſton of candles, and of the 

oven with which the chamber is heated. _. 
When a thaw ſucceeds a hard froſt of Si g duration, 


principle ſet looſe, which produces all the terrible effects 
upon/the human body which the principle emitted from 
charcoal is ſo well known to do in this country, where 
people every day ſuffer from it. However, the Ruffians 
conſtantly lay the blame upon the oven, when they are 


affected by the thawing of the cruſt, as the effects are 


perfectiy ſimilar, and they cannot bring: thermſelves to 
believe, that the diſſolving of fo; ſmall a portion of ice 
can be attended with any bad confequence, when the) 
daily melt larger maſſes without danger: yet the oven 

| * * does 
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does not at all account for the complaints brought on at 
this period; for, upon exatnination, they generally find 
every thing right there, and ſtill the gar, or hurtful 
vapour, remaining in the room. : 
As the effects of both are ſimilar, as I have d above, 
and likewiſe the mode of recovery, I ſhall only give you 
an account of the operation of the principle emitted by 
burning charcoal, and of the method of bringing thoſe. 
people to life who have been ſuffocated by it (as I think 
it is erroneouſly termed); this will ſuperſede the neceſ- 
ty of giving the hiſtory of both, or rather it will be 
giving both at the ſame time. 

Ruffian houſes: are heated by the means of ovens; 
and the manner of heating them is as follows. A num- 
ber of billets of wood are placed in the peech or ſtove, 
and allowed to burn till they fall in a maſs of bright red 
cinders; then the vent above is ſhut up, and likewiſe the 
door of the peech which opens into the room, in order to 
concentrate the heat; this makes the tiles of which the 
peech is compoſed as hot as you defire, and ſufficiently 
warms the apartment; but ſometimes a ſervant is fo 
negligent as to ſhut up the peech or oven before the 
wood is ſufficiently burnt, for the red cinders ſhould be 
turned over from time to time to ſee that no bit of wood 
remains of a blackiſh colour, but that the whole maſs is 
3 & ae of 


of a uniform glare (as if almoſt ineanſparetn) before the 
openings are ſhut; elſe the gur or wapbus is fre to 
ſucceed to miſmanagement of this fort, and ins effecis are 
as folloW m. f 363 tee e ens ell; £1; 
If a perſon lays himſelf down to ſleep ĩn the room ex- 
poſed to the iuffuence of this vapour; he falls into ſo 
ſound a ſleep that it is difficult to awake him, but he feels 
(or is ſenſible of) nothing. There is no ſpaſm excited in 
the trachea arteria or lungs to rouſe him, nor does the 
breathing, by all accounts, ſeem to be particularly af- 

| fected: in ſhort, there is no one fymptora of ſaffocation; 
but towards the end of the cataſtrophe, a ſort of groan. 
ing is heard by people in the next room, which brings 
them ſometimes to the relief of the ſufferer. If a perſon 
only fits down in the room, without intention to ſleep, 
he is, after ſome time, ſeized with a drowzineſs and in- 
clination to vornit. However, this laſt ſymptom ſeldom 
affects a Ruffian, it is chiefly foreigriers who are awaked 
to their dangers by a nauſea; but the natives, in common 
with ſtrangers, perceive a dull pain in their heads, and if 
they do not remove directly, which they are often too 
fleepy to do, are ſoon deprived of their ſenſes and power 
of motion, inſomuch, that if no perſon fortunately diſco- 
vers them within an hour after this worſt ſtage, the? 
are irrecoverably loſt; for the Ruffians ſay, that they 
1 . | do 
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do not ſurceedin reſtoring to life thoſe who have lain 
more than an hour im a ſtate of inſenſibility. | 

| The recovery is always attempted, and often effected; 
in this manner. They carry the patient immediately out 
of doors, and lay him upon the ſnow, with nothing on l 
him but a ſhirt and linen drawers. His ſtomach and tem- 
ples are then well rubbed with {now, and cold water, or 
milk is poured down his throat. This friction is conti- 
nued with freſh ſnow until the livid hue, which the body 
had when brought out, is changed to its natural colour, 
and life reviewed; then they cure the violent head-ach 
which remains by binding on the forehead a catapla aſm 
of black rye bread, and vinegar. | 
In this manner the unfortunate man is perfectly re- 
ſtored, without blowing up the lungs, as is neceſſary in 
the caſe of drowned perſons; on the contrary, they be- 
gin to play. of themſelves ſo ſoon as the ſurcharge of 
phlogiſton makes its eſcape from the bod: 
It is well worthy. of obſervation, how diametrically 
oppoſite the modes are of reſtoring to life, thoſe who 
are deprived of it by water, and thoſe who have Joſt it 
dy the fumes of charcoal: the one conſiſting in the inter- 
aal and external application of heat, and the other in that 
of cokl. It may be alledged, that the ſtimulus of the cold 
produces heat, and the fact ſeems to be confirmed by 


be Ruſſian method of reſtoring circulation in a frozen 
limb 


880 1 
tub by means of frictiam with faawy fBuditvlaths in; 
gitar; intheralwof people-apparentiyiteprivedf:life in 
thomarinertreatedofiis;thattliebodpis mack warmer 
eu brought dut of the toom than at the inſtamt life is 
rvreſtoredꝭ and chat they awake ooid andfihivering(;!: The 
eolour of the body is alſo changed from a livid red to its 
natural complexion, Which) together with fome other 
eircumſtances, would almoſt lead one to ſuſpect, that 
they are reſtored to fe by the ſnow and cold water ſome 
how or other freeing them from the load of -phlogiſton 
with which the ſyſtem ſeems to be repleteg for although 
the firſt application of cold water to the human body 
produces heat, yet, if often repeated in a very cold at- 
moſphere, it then cools inſtead of continuing to heat, 
juſt as the cold bath does when a perſon remains too long 
in it. «a 
In ſhort, I think it is PIE a curious ſubject, whe- 
ther you take into conſideration. they mode of action of 
the principle emitted by burning charcoal, and our phlo- 
giſticated cruſt; or the operation of the ſnow and cold 
water. However, Iman by no means take upon me 
to decide, whether che dan gerous ſymptoms related 
above are produced by the air in the room being ſo ſatu- 
rated with phlogiſton as to be unable to take up the pro- 
per quantity from the lungs, which occaſions a ſur- 
charge in the ſyſtem, according to your theory, or whe- 
| "3 | ther 
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ther fhtle Hud my ẽ,iꝭ,w i fintb its way into the 
ciretlativh5vangithereby:capreſt |the vital powers; nor 
ſhall:b-detorming lwhettiercthe-livid hue: of the; body 
hei bednghs-out. is changed into a paler colour by the 
atmoſphere ſomehow or other abſorbing and frecing the 
blood) from che colouring. principle, as you have ſhewn 
to be the caſe with blood out of the body: theſe are cu- 
rious inquiries that I ſhall leave to your inveſtigation. 1 
have only endeavoured to collect facts from a number of 
natives who have met with this accident themſelves, or 
have affiſted in reſtoring others to life. It is ſo common 
a caſe here that it is e poi aig they 
* nt. wall: fteti! 
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ohnen; Commintiicated by the Afronomer Royal. | 
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HE refraction of the atmoſphere occaſions the tan 
or planets to appear higher above the horizon 
thas e. really are; therefore; a correction for this re- 
fraction ſhould be made in a n direction to the 
horizon. 24 Hee 1 

The equatorial inſtrument is ſo conſtructed, that the 
correction cannot be made by the arches or circles which 
compoſe it when the ſtar, ec. is in any other vertical 
arch except that of the meridian, becauſe the declination 
arch is never in a vertical poſition but when the tele- 
ſcope is in the plane of the meridian. 3 

To correct this error, a method of moving the eye - 
tube which contains the wires of the teleſcope in a ver- 
tical direction to the horizon has been practiſed; but 35 
the eye- tube is obliged to be turned round in order to 


move 
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move it in that. direction, in the different oblique poſi- 


tions Of the inſtrument, the wires are thereby put out 
of their proper ſituation in every other poſition of the 


inſtrument, except when it is in the plane of the meri- 


dan; for the equatorial wire ſhould always be parallel to 


the equator, that the ſtar in paſſing over the field of the 
teleſcope may move along with it, otherwiſe one cannot 
judge whether the teleſcope be ſet to the proper declina- 
tion, except at the inſtant the ſtar is brought to the inter- 
ſection of the ch which is only. a momentary obſer- 
vation. 17 91 | | 
The method I. have now put in * fon mad. 
the re fraction of the atmoſphere is by applying two 
lenſes before the object. glaſs of the teleſcope; one of 
them convex, and the other concave; both ground on 
ſpheres of the ſame radius, which in thoſe I have made 
is thirty feet. The convex; lens is round, of the ſame 
diameter as the object glaſs of the teleſcope, and fixed 
into a braſs frame or apparatus, which fits on to the end 
of the teleſcope. The concave lens is of the ſame width, 
but nearly two inches lon ger than it ĩs wide, and is fixed 
In an oblong frame, which i is made to ſlide un the frame 
the other lens is fixed into, and cloſe to it. Theſe two 
lenſes being wrought on ſpheres of the ſame radius, the 
refraction of the one will be exactly deſtroyed by that of 
Vas LES  - Tx. the 
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the other, and the focal length of the object-glaſs will 
not be altered by their being applied before it; and if 
the centers of theſe two lenſes coincide with each other, 
and alſo with that of the object-glaſs, the image of any 
object formed in the teleſcope will not be moved or ſuffer 
any change in its poſition. But if one' of the lenſes 
be moved on the other, in the direction of a vertical 
arch, ſo as to ſeparate its center from that of the other 
lens, it will occaſion a refraction, and the image will 
change its altitude in the teleſcope. The quantity of the 
refraction will be always in proportion to the motion of 
the lens, ſo that by a ſcale of equal parts applied to the 
braſs frame, the lens may be fet to occaſion a refraction 
equal to the refraction of the atmoſphere in any altitude, 
If the concave lens be moved downwards, that is, towards 
the horizon, its refraction will then be in a contrary di- 
rection to that of the atmoſphere, and the ftar will ap- 
pear in the teleſcope as if no refraction had taken place. 

There is a ſmall circular ſpirit level fixed on one fide 
the apparatus, which ſerves to ſet it in ſuch a poſition, 
that the centers of the two lenſes may be in the plane of 
a vertical arch. This level is alfo uſed for adjuſting a 
fmall quadrant, which is fixed to it, and divided into de- 
grees, to ſhew the elevation of the teleſcope when di- 
rected to the ſtar; then the quantity of refraction an- 

ſwering 


535 
El fvering to that altitude may be found by the common 
ubles, and the concave lens ſet accordingly, by means of 
the ſcale at the ſide, which is divided into half minutes, 
and, if required, by * a nonius, may be divided into 
ſeconds. TREO) 
It muſt be ed that when a ſtar or pot is but 
a few degrees above the horizon, the refraction of the 
atmoſphere occaſions. it to be conſiderably coloured. 
The refraction of the lens acting in a contrary direction 
would exactly correct that colour, if the diſſipation of 
the rays of light were the ſame in glaſs as in air; but as 
it is greater in glaſs than in air, the colours occaſioned by 
the refraction of the atmoſphere will be rather more 
than corrected by thoſe occaſioned by the refraction of 
the lens. N 
A drawing of the refraction apparatus is added, which 
may ſerve to give a more clear idea of it. See plate IV. 


applied. 0 the Equatorial Inflrument, &c. 


EXPLANATION OF THE PLATE. 


Aa, The circular braſs tube, which fits on to the end of 
the teleſcope. 
BB, The oblong concave lens in its frame, which ſlides 


over the fixed convex lens. 
Y y 2 C5 The 
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o The circular ſpirit level, which ſhews when no ob- \ | | 
long lens is in a vertical arch. neh 9143 11 

n, The quadrant to which the ſpirit, level is 6 Axe, for 
ſhewing the angular elevation of the teleſcope. 

E, The milled head fixed to a pinion, by which the 

whole apparatus is turned round on the end of the 

 - »cbeleſcope ini order to ſet the e lens in a vertical, 

| ch. eee eee <0 ; 4 

Pi Another pinion * ſetting e to the an gu- 

lar elevation of the teleſcope. By means of theſe two 
pinions the air nnn . be Reged to the * 

of the l,] a 

| aa, Is the ſcale, with diyifions bine to minutes and | 

= half minutes of the refraction accaſioned by the con- 

| Cave lens. . | * 
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XIV. Experiment ts and Obſervations o the inflammable 

Air breathed by various Animals.” By the Abbe Fon- 
' tana, Di/#&a0r of ib Cabinet of Natural Hi ifory be- 
n ng 70 B. Ry Hiobtieſs be Gram Duke f 
, Tuſcatly; bolthnhinicated oy you ee, Efq. F. R. F. 
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HILO SOPHERS believed, till lately, that inflam- 
mable air had the power, of Killing animals who 
3 it. Dr. PRIESTLEY, to whom we are much 
indebted for many diſcoveries and obſervations relative 
to inflammable air, made in conſequence of Mr. o- 
VENDISH'S excellent paper on that ſubject, aſſures us, 
that inflammable air cauſes the death of animals as 

readily as fixed air, and that animals die convulſed in 
it. The doctor: adds, that water abſorbed about one quar- 
ter of the inflammable air ſhaken in it, after which a 
mouſe lived in it as long as it would haye lived in an 
equal quantity. of common air, This air breathed by 


the mouſe. was {till inflammable, though not ſo much as 
before. 


_ Mr. 
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Mr. SHEELF, who has made various important obſer. 
vations in chemiſtry, on the contrary afferts, that in- 
flammable air not only does not kill the - animals. who 
breathe it, but that it is even good and innocent air. He 
relates ſome experuments to which. it ſeems that nothing 
can be oppoſed, and they appear to contradict Dr, yRIxEST- 
LEY's obſervations. Mr. SHEELE has breathed inflam- 
mable air contained in a bladder, without receiving any 
hurt. | 
Seeing then that the experiments of theſe celebrated 
perſons contradicted each other, 1 began to ſuſpect that 
they might poſſibly be all true; and that their fo contra- 
dictory effects might be rr to ſome circumſtance not 
yet attended to. —1 ä 

In order to follow ſome method in my reſearches 
about a point ſo delicate, and which ſo nearly intereſts 
human life, I firſt of all thought of affuring myſelf, 
whether or no animals could breathe inflammable air 
with impunity, when the receivers that contained it were 
immerſed in quickſilver. To this end, I introduced 
inflammable air, extracted both from zinc and iron, 
by means of the vitriolic acid, into various tubes filled 
with quickſilver, in which the air entered pretty free 
from moiſture. I then introduced various birds into thoſe 


tubes, and obſerved that they died in a few minutes 
time, 


1 
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time, but without any apparent fign of convulſions. 
Theſe experiments, having been often repeated, were 
conſtantly attended with the ſame event. Wy 
Being affured, beyond any doubt, that the inflam- 
mable air obtained from zinc or iron, and made to 
paſs through quickſilver, was fatal to animals; I-next 
wiſhed to obferve, whether it retained the fame 
properties when it had paſſed through water; in 
which caſe the volatile ſulphurous acid, or other Va- 
pour, is abſorbed by the water; but, on trying the expe- 
riments, I found that the birds died under theſe circum- 
ſtances as under the others (though not quite ſo ſoon) 
ſhewing likewiſe ſome figns of convulſion. I introduced 
ſome of this ſame air that had paſſed through water into 
a glaſs tube full of quickfilver, by a method which 
makes the air loſe all its moiſture. The birds died in it 


in the fame manner as when the experiment was tried. 


upon. wafer. In all theſe cafes the air after the animals 
had died in it was ſtill inflammable, nor did its exploding. 
properties ſeem to have been at all diminiſhed. 
The inflammable air extracted from zinc, and that 
extracted. from i iron,.is fatal to animals even after it has 
been ſhaken in water for a minute's time, or ſomething. 
longer. By ſhaking it a long time, it becomes in ſome 
meafure reſpirable; but then it is decompoſed in a great 

meaſure, . 
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meaſure, and becomes of another Rind, although it ſtill 


preſeryes the properties of being eee, 
imaller degree, v9 fv: 41 vs, 5 9%]: o ee. NT 


Not only birds but alſo quadrupeds die in inflamma- 


ble air (though not ſo ee ſhew er bas of 
being comvulied: -+ i} . „ 

It ſeems very * that Mr. SHEELE could breathe 
inflammable air with impunity, when animals: obliged 
to breathe it were killed in a very ſhort time. Ad- 
mitting his experiments to be true, there remains 
nothing to be ſaid, but that the inflammable air in 
which animals die does not — death * it is 


organs of. wy | kad he to thats air, me ne- 
ceflary to animal life. It is not impoſſible to occaſion 
death by affecting the very ſenſible; nerves of the noſe; 
it being well known, that various liquors, as very con- 
centrated volatile alkaly, &c. if they are inſpired through 
the noſe, immediately affect the ſenſes, and occaſion 
death if they Dm to m ee piſuitary mem- 
brane. % | no in eintrat wry 
In order, dn. to tight ata, inflammable air 
killed, only becauſe it was inſpired, through the noſc, I 
ſtopped very accurately the noſes of various birds with 
ſoft wax, and in this manner I introduced them into 
receivers 


4 
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receivers full. of inflammable air extracted from zinc, 
and from iron, through water. The birds died within a 
few ſeconds, that is, juſt as they did when their noſes 


were unſtapped. Quadrupeds were tried after the ſame 
manner, and the event was the ſame. 


there remained one more, which ſeemed to ſuggeſt a pro- 
bable reaſon (ſince ſome reaſon there muſt be) for Mr. 
5HEELB'S experiments being attended with refalts fo dif- 
ferent from thoſe of other experimenters. When an ani- 


by philoſophers what diſorders that fluid may occafion to 
the animal frame. It is true that none are obſerved to be 
produced by other noxious kind of air; but if it be con- 
ſidered, that the vapours of ſulphur make a great im- 


breathe them, but have their aſpera arteria tied up, it will 
not ſeem impoſſible for the inflammable air, in ſome 
manner or ther, to act upon the body of animals. It 
may, perhaps, hinder the perſpiration; it may inſinuate 
itelf ttirough the pores of the ſkin; in ſhort, its action 


the contrary. NN bat $0 
VoL. LXIX. z:  . I therefore 
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Having in this manner exploded this new „ nypothefn, 


mal is introduced into a veſſel of inflatamable air, its 
whole body is expoſed to that air; and it is not yet known 


preſſion upon frogs, even when thoſe animals do not 


upon the body ſeerne probable till experiments evince 
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1 therefore endeavoured to force vations fourefboted 

animals to/breathe the itiflammable air tHrongh the 
mouth only, without immerging their whole'bodies into 
it. I chiefly -ufed bladders tied to theirs Muth, but 
ſornetimes I alſo made uſe of tubes which erittred imme: 
_ diately'into the wind-pipe. In both eaſes the animals 
died in a very ſhort time: henee it becathe evident, not 
only that the inflammable air is pernicious to animal 
life, but chat it does not act on the Boch of an- arama; 
for I kept ſome of them immerged in ihflanimable-air, 
with the mouth only out of it, and did not perceive any 
effect hurtful to them. a ungen 2781 I'zewouttot 2 
n deing in this manner aſcertained; that the inflam- 
mable air could not be breathed by animals with impu- 
nity, it till remained to find out the cauſe of Mr. 
sHEELE's miſtaxe. I began therefore to breathe the ins 
flammable air contained in bladders, after the man- 
ner of Mr. "$HEELE; The inflammable air uſtd in my 


2 action of the vitriolic acid, and it was received into biad- 
1 ders that were dry in the infide, but a little moift on the 
outſide. The quantity of air contained in each blad- 
der was about eighty cubic inches. The air coming 
out of the mattraſs paſſed through about one inch of 
water before it went into the bladders. At firſt I 
breathed 


experiments was extracted from zinc and frorm iron by the 
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wauhed the, jaflanmeble.air,with.a k ind of fear; but 
finding that it aſioned m inful impreſſion, I, contin 
aned breathing it With courage as Jong as I could, 1 
breathed; inna hladdar filled: with it elexen times, be- 
ginning after à natural expiration. This air when, 
taken our of the bladder „ Was ſtill inflammable, and 
being tried with the teſt of nitrous air it gave. H- 8, 
Ha. m ei 201... cen attut erg; 11 0 
Before I go farther I muſt explain the formula Which 
Iuſe to expreſs the diminution of reſpirable air, or air of 
other kind, when mixed with nitrous: air. My method is 
as follows: I have a glaſs tube of about eighteen inches, 
in length, and half an inch in diameter, cloſed at one 
end, and of a conſtant diameter throughout its Whole 
length: this tube has af Mark at every three inches, 
which marks or divifions I call aaſures, and every inch 
i divided into twenty equal parts; ſo that every meaſurg 
5 divided nt, ſixty portions, which I call paris, , Into 
this tube, hyemeans of, an inſtrument which meaſures, 
ways one conſtant quantity of air equal to one meaſure. 
of the tube, I introduce to meaſures of reſpirxable air 
and one meaſure, of nitrous air, after which I meaſure 
the diminution; then I introduce a ſecond meaſure of 
nitrous air, and again meaſure the diminution. The 
whole meaſures 1 expreſs in Roman characters, and the 

22 2 parts 
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for inſtance, when I ſay II- 16 and Hos tbeſürſtier⸗ 


preſſion means, that after having introfkdeed/ints ithe 
tube two meaſures of common air, and oe menſure uf 
nitrous air, the ſpace occupied bythe: mixture of theſe 
two airs was two meaſures —- 16 parts, or Goths of 2 
meaſure: and the ſecond expreſſiom ſhews that, after 
having introduced another meaſure; of nitrous air 
the ſpace occupied was two meaſures +t-0-parts:  - The 
reaſon and particulars of this method will be given here: 
after in a paper expreſsly written upon the method of 


determining the degree of the fakubrity: of the air by 
means of nitrous and inflammable air 


Having introduced eight cubic inches of common air 
into the ſame bladder, I breathed it as dem us L cũ 


beginning after a natural expiration; as in the experi- 
ment above related. I breathed it'thwty-forir times fucs 


ceffively, and afterwards found it very much alteved;'fo 
that it extinguithed a light many times ſucceſſively. An 
animal introduced into a veſſel of that air immediately 
 gaveſigns of uneaſineſs: and the air being tried with the 
nitrous air gave 11+26, II x 5; whereas, before it had 
been breathed, it gave with the . nitrous air II- * 
H+38. | "$22 7 4 IVES $6 Uh r efron 
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This peo mw] tha. the uit xtiich remattied 
in the bladdepi-Hlichfirittxpetimont was not ſo g65d'as 
that breathed thirty four tithes faccefively/ In order t6 | 
make this! expetirnent awithi more |precifibri;'1 breathed 
cigltty cubic inches of commonrair, introduced into the 
tame bladder; only: eleven times; beginning aſter a natu- 
nhexpirttien. Then examined this air with the r- 
trous airʒ and found/thatit gave H- x 31428, 172 
Hence it is plain, that the mixture of inflammable and 
pulmonary air breathed eleven times is much inferior to 
commorrmip breathed an equaf number of times; ſo that 
mere can retnaim no doubt but tlrat — Air ig at 
leaſt worſe than common art 10 Party 

Willing however to afoertain this: ne ſtil better, 
W dan breathe it immediately through a large receiver, 
partly immeried in water, and ſwimming in it, ſo that 
be air wirhin the receiver was of the fame elaſticity 
with the exterrial air. For this experiment I made uſe 
alſo of a glaſs tube hended in two different directions. 
/ Thieair contained in the receiver was about 250 cubic 
inches. In all the trials made in this manner, I was ne- 
ver able to hreathe the inflammmable air more chan three 
times; and even at the fetond infpirition I felt a great 
oppreffion. As theſe experiments can be depended upon 
becauſe woy were often and at different times repeated, 
there 
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there ſeems to be reaſon e —— 
bladder might poſſibly alter the nature;abcnflanmable 
air, and render it more fit for reſpinatiphs nit hſtanch 
ing that the mere contact of the bladder et ſuf, 
ficient to produce ſuch an effect, which. is irxgennsileable 


with other facts: yet ſome, reaſop; muſt certainly. exit 


ſufficient to explain Mr. sHRELE's experiments, PIO 
directly prove that the inflammable;aizr contained, in 

bladders can be breathed with impunity, 0: fIRATG! 7m 
When I breathed this air according to Mr. SHEELES 
manner. eleven times ſucceſſivelyß, Engt ply; hieathed 
it without any inconvenience, but ohſerved that the ful 


inſpirations were even pleaſing; more ſo than When 


1 breathed, common air., I. felt a facility of- ding 
top of high mountains. I never felt a dixg ſenſation, 
even when I have breathed the pureſt dephlogiſticated 
air. I do not think that I was miſtaken in he ſe ſenſa- 


tions, or gave a looſe to imagination; becauſe Was xather 
prejudiced againſt the inflammable air, aſten I Had ſeen 


various animals immediately die in it, and I Mas rather 
fearful when I firſt began to breathe it; heſides, this fa- 
 cility of breathing it, accompanied with a pleaſing ſenſa- 
tion, I have conſtantly obſerved in all my — 
n this ſubject. | 


his 
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| 'This-ploaſurej towevery-I paid very dear for in ano- 
ther experiment, in which I was near loſing my life. 
Having med aibladder of the largeſt ſort with about 
20 cubicimches of inflammable air extracted from iron 
fllings through water, which air Was not at all diminiſhed 15 
by the mixture of nitrous air; began to breathe i it boldly 
(owing to the encouragement received from the above 
related experiment), and reſolved to breathe it as long as 
my ſtrength would permit me, after having made a very 
violent expiration in order to evacuate the lungs of the 
atrnoſpherie air. Having made the firſt inſpiration I felt 
i great oppreſſion upon my lungs. Towards the middle 
of the ſecond inſpiration I heard Mr. cavaLLo, who fa- 
voured me with his aſſiſtance in theſe experiments, ſay, 
that I was become very pale: by this time the objects ap- 
peared confuſed to my eyes. Notwithſtanding this, I 
made the third inſpiration; but now my ſtrength failing; 
Lloſt my fight intirely, and fell upon my knees. In this 
ſituation» F breathed the air of the room, but my knees 
not being able to ſupport me, I fell intirely upon the 
floor. However, in a ſhort time I came to myſelf, fo as to 
be able to get up, &c.; but my reſpiration continued to be 
affected with difficulty and pain, as if I had a great weight. 
upon the breaſt; nor did I perfectly recover before the 
next day. | 
ul | It 
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It muſt be obſerved, . 
kept my noſe cloſe ſtopped. ni nn 

This ſame inflammable n in the bladder, 
which I had breathed three times, was examined in Va» 
rious manners, and was found to be as inflammable a 
before; it exploded as uſual, when mixed with dephlo- 
giſticated air, but after having been ſhaken in water for a 
ſhort time, being tried with the nitrous air, it gave 
III- 10, IV- ro, whereas before it was not at all dimi- 
niſhed. At this time the common air, with the fame ni- 
trous air, gave II- 14, +10. Hence it appears, that the 
inflammable air, after being breathed, is rather better 
chan before, becauſe in that caſe it is a a little diminiſhed 
by the addition of nitrous air. 


ſioned by the bladder or no, I made the following expe- 
riment, which, having been often repeated; was con- 
- ftantly attended with the ſame event. I introduced into 
A bladder, which was ſometimes moiſt and fometimes 
dry, a quantity of inflammable air, extracted as well from 
zinc as from iron, through water, and having kept it in 
that ſituation for ſome minutes, beating in the mean 
while the bladder, to keep the air in agitation, I after- 
wards took it out, and by the mixture of nitrous air ob- 
3 ſerved 


In order to aſcertain whether this nes Was occa · 
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ervech Mat it Bred no diminution, exactly as it ſuk⸗- 
fered none before it had been put into the bladder. 

Hainz hi 16d; in this manner, that the bladders 
do not Parry manner contribute to render the inflamma- 
ple air extracted from metals better in its nature, there re- 
mained 0 other way of aſcertaining Mr. SHEELE's expe- 
fiments, ane of underſtanding why I had been able to 
breatlie it eleven times, than by ſuppoſing that the air of 
the Tarigs}which can never be thoroughly emptied by be- 
ing mixed with the infammable air, alters it, &c. It is 
well kriowff}' that in an ordinary expiration about thirty- 
five cudie inches of dir are expelled from the lungs. In a 
very violent expiration, following a natural inf] piration, 
the air expelled miay amount to ſixty cubic inches. Theſe 
forty inches bf Pulmonary air are mixed With the in- 
fliammable airy} and are expelled from the lungs in pro- 
Portion to the remaining air that is breathed after that 
the lungs have been t thoroughly emptied. In the expe- 
ment above related, of the three inſpirations I made into 
che inflammabbe air, it may be eaſily ſuppoſed, that twenty 
inches or more of pulmonary air were joined with the in- 
flammable: air, and entered into the bladder. This pulmo- 
nary air, althon gh it is itfelf partly phlogiſticated, is how- 
ever Airnihiſhed by nitrous air; and when it ſtands in 
the bladder it is nearly equal to th of the inflammable 
vol. LXIX. Aaa alr 
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air of the. bladder breathed three times; hence. this loſ 
ten parts by the mixture of nitrous, air. "POR | 
_ his explanation, wh ich it 18 neceſſary to adopt after 
taxing; exploded all the other hypotheſes, is very analo- 
gous to the above related experiment of the ſmaller. blad. 
der filled with inflammable air which was breathed ele- 
ven. times ſucceſſively. This, air, was breathed. alter 
natural expiration, ſo that there ſtill remained in the 
jungs about ſeventy-five inches of common air. I heſ 
| * inches of pulmonary air, together with the 
eighty i inches of inflammable air, were mixed together 
during the cle ven inſpirations and expirations; hence 
the air of the bladder was a mixture of nearly equal por- 


tions of inflammable ppg common air; and,; accordin 81, 


the a air of, the large bladder breathed. three. times only 
after the lungs had been emptied as much 25 poſh ible. . 
All the other experiments that I have made in confir- 
mation of this hypotheſis ſeem univerſally to, favour t 
If a Guinea pig IS introduced into a receiver containing 
400 cubic inches of inflammable air, ox a ſmall, bird into 


only ar inches of it, and they, be left want gil they 
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niſhed-by nitrous air; but if a much larger animal is in- 
troduced- into the 400 inches of inflammable air, or a 
ſmall animal into a few cubic inches of that air, then it 
will be found to be ſenſibly diminiſhed by nitrous air; 
and this diminution will be greater as the animal is 
larger in proportion to the quantity of inflammable air. 
A larger animal imparts a greater quantity of its pulmo- 
pary air to the inflammable air; and the inflammable air 
will- be found joined to a quantity of pulmonary air, 
which is fo much the leſs as the animal is ſmaller, 
Mr. SHEELE ſays, he found that the inffammable 
air after being breathed ſome time intirely loſes its in- 
flammability; from whence he concludes, that the lungs, 
inſtead of imparting ſome phlogiſton to, imbibe it from, 
whatever ſubſtance it can be extracted. Though all the 
direct experiments which ſnew that a phlogiſtic princi- 
ple is continually detached from the lungs; and joins it- 
ſelf to the common air, were wanting, ftiltMr:;;SHEELE's 
conſequence could not be drawn, becauſe the experiment 
is not true. With reſpect to my own experience I may 
fafely fay, that -I have always found it inflammable in 
every circumſtance, even after I had breathed it eleven 
times ſucceſſively: and I have not only found it inflam- 
mable in the ps but I have 8 it in _—_— of let· 
| 1 $1.95 A aa a2 1 t: e 
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tiaigerious of mf em- 
be produced from the mouth, of various inches in ee 
and two or more inches in breadth; - ? 

But whence does that ſenſation of Jeviey and faci- 
lityiof breathing the inflammable air, which I have de- 
ſcribed above, originate? At preſent I can only have 
recourſe to a mere mechanical cauſe for a ſolution, for 
1 do not obſerve in inflammable air any property that 
| ſeems capable of altering the lungs upon à chemical 
principle; neither have I obſerved any decompoſition 
of air, or alteration of the fluids of the animal. It 

has been obſerved, that inflammable air, after being 
| breathed; comes out of the lun gs with the ſame pro- 
perties it had before. It is alfo known, that inflam- 
mable air is not ſenſibly abſorbed by water, at leaſt after 
a ſhort time. The lungs, or more properly the pulmo- 
nary veſicles, are continually moiftened with fluids; but 
that air cannot be abſorbed by them, except it be firſt de- 
compoſed. Nothing elſe therefore remains to which we 
can have recourſe for an explanation of the above men- 
tioned ſenſations, but the well known levity of the in- 
flammable air compared with common air. And indeed 
the ſenſation I felt when I breathed that air, is like that 
of a very light fluid which does not oppreſs the lungs, 
and is hardly felt. T his explanation agrees exactly with 
ſome 


In this manner a flame may 
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{me experiments I have made with common air . ren- 
dered more light by fire. This air I have found may be 
breathed much eaſier, although not for fo long a time; as 
when it is more condenſed. - It muſt be ſaid, indeed, that 
this is occdfioned by atiother particular cauſe; which has 
nothing to do with the cafe of the inflammable air, and 
which cannot be properly examined in this place. 

After all, it ſtill remains to be known, why inflamma- 
ble air, which kills animals ſo ſoon, may be breathed 
without any oppreſſion, hen in a ſmall quantity, vis. 
when it is mixed with common air; and the following 
experiments, which are very analogous to thoſe related 
above, will ſhew that the queſtion is not unintereſting. 
I introduced 35 0 bie inches of common air into a 
bladder, and after having made as ſtrong an expiration as 
could, I applied the neck of the bladder: to my mouth, 
and breathed the air it contained forty times ſucceſſively. 
Afterwards, having taken the air out of the bladder, I 
found that it extinguiſned a light ſeveral times ſucceſ- 
ſively. It formed various Cry ſtals with the oil of tartar, 
but after a very confiderable time; ſome of theſe cryſtals 
had the ſhape of needles, others were like flowers: 
being tried with the nitrous air, it gave II- 18, III 18. 
This air, therefore, was very much phlogiſticated, nor 


could I poſſibly have breathed it longer than I did, with- 
out 
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out falling upon the// ground; as I already felt my 
ſtrength — and the objects appeared gonfuſed be. 
fore my eyes. Into ten cubic inches of this air I intro. 
_ duced a ſmall bird, which, as ſoon as it began to breathe 
it; made various contorfions with its body, and ſeemed to 
fuffer a great deal. It died an ten mimites time; Wherea 
another little bird introduced into a like quantity, | that 
is, into ten cubic inches of common air, lived in it fifty: 
two minutes, nor did it ſhew- e of uneafrneſs be- 
fore it had been in ive minutes 
It remains to be accounted for, why: the bird could 
breathe for five minutes longer. in the air of, the (bladder 
that a man could. It will be ſufficient to iconfidet, 
that when a man in this experiment has made the laſt 
expiration into the bladder, he is in a ſtate of pain, and hi 
jungs are loaden with a ſuperfluous quantity of i phlogi- 
ton; which is not communicated to the air of the bladder: 
whereas nothing of this takes place with the bird, which, 
beſides its being in vigour, has a quantity of common all 
in its lungs. This ſeems confirmed by an experiment, 
which admits of no doubt. Having breathed the air of 
the bladder as long as 1 could, I ſtopped the neck of the 
bladder with my finger, then breathed the common air 
ſeveral times; and alterovards: mn * * of the 
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fame, bladder to my mouth again, I breathed that very 
fame, air four times ſucceſſiyely. N ow there is no 
doubt but that 2 bird cbuld have breathed it much 
longer: the reaſon of which diverſity ſeems to be the 
following, vis that a ſmall bird is in want of a ſmall 
quantity of air for every time it breathes, whereas a 
man is in, want of. a. much greater quantity ; 4 hence the 
air is rendered more eaſily noxious, and unfit for reſpi- 
ration, F rom all which it may be concluded, that we are 
in want of a certain quantity of common air neceſſary 
for reſpirgtion, and for the ſupport of life; : and that this 
air, after being inſpired, comes out of the pgs leſs fit 
to be- breathed. a ſecond time... 
| * has been, obſerved, that the n air cannot 


be breathed, when the lungs. are emptied. of common. air 
as much as poſſible; but that it may be breathed when 


the lungs are in a natural ſtate, in which. ſtate a quantity 
of comman air, equal to about forty cubic inches, is. 
known to exiſt, in, the lungs gf an adult perſon. This 
pulmonary air is not infected, ſo far as to be. incapable. of 
being . breathed v Variops times, and of ſupporting life. 
After having made a-vatyral expiration I have with force 
expelled from my lungs about thirty inches of air into 
an empty bladder; and this pulmonary air I have ge- 
nerally been able to breathe eight times ſucceſſively. 

* | but 
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Wes HPV PEN whe theinfliniiaetwicohtained, WM. 
A fader is brentliell, bre Rütrgs being irn = ninttrap fene 
Ari HOW it feuds he longer acute to give aw anſuer 
to the queſtion prbpofed above and to anton for the 
ſmall Uiference obſerved in the breathing of the two dif. 
ferent kinds of ar in the ladders: he inffun Ab 
air; He joitved to 4 great quantity of crimaory airy midy 
de dresthed fafety, hechuſe there is 4 qoahtiby of com 
mon uf ftiſht iertt for various inſpiratidnsy unc itrnt the 
titted of rhe two rs dy de) breathed} ud ther u 
mon airs thotoughly infected. But me intlammable an 
itſelf is not altered nor decbmpofed by ſthe ; reſpiration 
Wherefore we rut bbnerud that the iflami tuble tir i 
nbt fuch a kind of air as can hy irſelf alone be rectly 
uſeful for reſpiration. it muſt rather bei d Nef a8 f 
there was notlring of that air in the caſe ofſthe addet 
and indeed it is found by experience char the puhmonan 
air itſelf may be breathed eight or nine times in an 
em py bladder. The not being able to breathe ir ele xen 
times fucceſſively, as Was done when there was inflam- 
mable air in the bladder, and the feeling an oppreflign 
in the firſt caſe and not in the ſecond, muſt be intirelj 
2 to the want of in . mi air 


- rexpirated, 
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expienteth, which are neceſſary: to give the lungs all the 
necefſary expanſions whereas, in the other caſe, the in- 
flanimable air ſerves to fill up ſpace, and, together with 
the common air, contributes to fill the lungs; ſo that the 
infliminable: air; confidered under theſe circumſtances, 
and under this point of view, may be ſaid to be uſeful 
for; animal reſpiration. This explanation ſeems moſt 
evidently demonſtrated by the following ex periment, If 
thirty-five cubic inches of common. air are introduced 
into the bladder, and this air be breathed when the lungs 
are in a natural ſtate, it will be found, that one may 
breathe it for twenty times or longer; whereas, when the 
bladder was empty, it could not be breathed more than 
nine times at moſt. 
- Before I finiſh this paper it will be proper to mention 
another cauſe, which, perhaps, alſo contributes to render 
the inflammable: air of the bladder leſs noxious : this is 
the levity of the inflammable air itſelf with reſpect to 
common air, which hinders the inflammable mixing 
with the coranion air. The inflammable air ſwirns con- 
tinnally upon the common air, juſt as æther wins 
upon water; and the inflammable air ſwims ſtill better 
than zther, becauſe it is much lighter in compariſon than 
ether. Various experiments made upon volatile ſub- 
ſtances have convinced me of this truth. If equal quan- 
Vol. LXIX. 1 tities 
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ns Aids — — 
deres of —— ks; Gol Roda Naade, 
cute H influegratthle air patio? ditybey mn tu 
birds are ſiſtrodueed im t. ſo thatione lof tum may/ftand 
atttie top j and æhe other dite lower purt ofithe in verted 
jar5(tit wb de found, that the firſt ithentioned of theſe 
birds not 'onty will die conſiderablj ſooner than the 
other, but will ſhew ſigns of uneaſtneſd as ſoon as iti 
| comet that place. Dorner 17 ,oirfiggtst Asον 
be inflammable air, therefore; when'/breathed-wye- 
ther wu a conſiderable quantity of common! a muſt 
always / fwitii at the top of tt, filling the itavit xauf the 
witid-pipe; ste while the common air decupiesthe tower 
place, and: filling the ſmalleſt pulmonary vefiales is fub- 
ſervient to tlie ordinary functions of tus lunga. 
Here 1 put an end to my obfervations' updm inſtam- 
mable air conſidered with reſpect tu reſpiratiom but 
beg leave to add a few. words raſpecting a property of the 
looked'/by the moſt diligent obſervers!15qmmoo ni gd, 
I mean here to ſpeak of ſuch inflammable air as is ex 
rated from metals, by means of oil of vitriol, eſpeciallj 
that extracted from iron and zinc. Ihe air of theſe me- 


tals, when preſented to the flame of a candle mt o] 
burns with a whitiſh flame inclining to green (as i. 


n. but exhibits a kind of parks or exploſions 


which 


— eee en 359 
ash dN he cafily-Riſtingraiacd, hetweenrthe body; of 
the flame-bytbeir vivid baht. :Bheſs ſparks; wich are 
phat colon} dart in every dixectian! Theyzmäght 
h aii take far thaſt ſparks that are emitted from 
#al#hdb inανιοο they! might be:camparcd to very ſmall 
gtꝛins of gnapowder; if theſe were inflamed ſucceffively, 
and arithout fragke;: or they might even be compared to 
charcoal that ſparkles, but without any noiſe. This phe- 
hu eme very intereſting, as it reſpedts the nature 
of therigflammable- air: itſelf. What ſeems to me moſt 
ſingular is;thatthis appearance forms a diſtitictive cha- 
racer between the inflammable air ot, metals, and that 
eutraſted from animal on vegetable ſubſtances; at leaſt I 
may ſafelyday; that L never found the inflammable air 
afiamimabœt vegetable ſubſtances ſparkle like that ex- 
tractedi tram im̃etals: In ſeveral of the former kinds of 
ui I couldoobpfervetnai ſparkling at alls in others the 
parks were ſo few:rthat-they: might be conſidered as no- 
thing in compariſom to the ſparkling af the inflammable 
air from mnetalsc i H l to Ars 01 9104 cmz9m 1 
The inflammable airof metals, aſa, if left in contact 
Vith water fon along time, or ſhooł in it till it becomes 
ies inſlammable, wilb in great raeaſure loſe its ſparkling 
property, and at laſt ;loſts it intirely, ben it is become 
ara ſtate of being hardly inflammable. I have obſerved, 
id B b b 2 that 


"ow ep 
thatithotinflatamable1aiyicthe> moredidiatanls to deidei! 
compared; pyibemgqhiken iniavatery inthe u her lot 
hel niit dhews i. cbumiing is greater fand tic- 
chding ate this mumbat of ſ parka the uſlammible a 
makes gteater on Meadker - eXplohο⁰n chen Un, with: 
thedephlogifticated air; ſo that it ſæems pruved byerpe- 
ments, tiiat the phlogiſtic principle is mare dxed undi 
getan ꝗuaniity combined with the inflamm able pair ui 
metals, than with that of vegetable ur: animal fubiſtanoee⸗ 
Ido not mean to deny the poſſibility of finding other ſpe- 
cies of inflammable air extracted -from:ovher firbitaiices: 
befides. nactais :whick-may-expiode>Gkerthaeioxtritied! 
from metals; but I only tay; that in thoſe iir ins 
flanamable air will alſo ſparkie note, umd wil} be:found: 


leſs eaſy to be decompuſed by water. lo Hh other 
ſubſtances that give the inflammable air in great quan- 


tity, and which cannot be conſidered as animal or vege- 


G. For r nw gd e ow ©, @©@ FMhKy .- 


rather as a calx of iron t than e | 
this air can hardly ſparkle at all; it explodes more like 


thebindlamnbabitibibofrregttableiorobdimalhodies!than 
atme eee it ieaſihy dechnipated in watetoq (ric | 
This rupertꝝ of iuflaintnabid air of:thetals -whijch 1 
hivedifacrardtd ithriws rent night upon the anahxſid of 
theidecondpoſition/of that air which>L/havemade in tiro 
different vt. The firſt is o fire it together with cbm- 
mon ur dephlogiſticated air, in veſſels filled with. very 
pure quickflver; and alfb in vefſels- filled with diſtilled 
erte ſecond method is to decampafe it by ſhaking. 
u pure: diſtilled Water. In the firſt, proceſs a great 
— enperi ments are required in onder to obtain a 
ſenkblc: reſiduhm defies; the igneous: part is loſt. The 
Wen eech cs mo u 
do compoſi of othr kinds of n 2) 01 Ying ct: 
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That the heat of boiling walz Was VAAN B cbt. 
ing to the preſſure of the atmoſphere, ſeems to m_ 
been known to FAHRENHEIT as early as che year 1724“ 


(a) Vide Phil. Tranſ. Ne 385. wherein is propoſed a curious project of de- 
termining the weight of the atmoſphere by means of a thermometer alone, un- 
der the title of © Barometri novi deſcriptio.” 
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A few years after this, Meſſieurs LE MONNIER and Cas- 
NI . de PAcad. Se, POO 1740 made ene ger 
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l e and ER Ys 150 Wk il 
Recherches fur la Variation de Ia Chaleur de PEau bowil- 
unte. It remained only that theſe ſhould be verified. 
Towards the. harter end of the year 277 5 Thad an 

unity pf, repeating , theſe. obſexryations with 3 * 
pocket zhermamęter af about fix. inches long, made by 
Mr: Nan inftrument, it muſt be confeſſed, not 
very acęurate for ſuch an ang but with which I 
thought, however, I could obſerve We a quarter of 
+ egrany MY heft at. that time, amidſt a Variety of 
ather philoſ@phical purſuits, being to affure myſelf that 
the Variation took. place, . rather than critically to exa- 
— — of it. Aman relate theſe: obſervations, 
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The ſecond column gives the height of the bax 
at the time of obſervation; the fourth, the: heat.of bol 
ing water deduced from Mr. bETUr l rules, 'ovm 
with the lowermoſt obſervation, ur that mdr ib 
gr ateſt preſſure; the fixth gives'the difference berween 
the theory and the experiment in the motion of theboik 
ing point in hundredth parts-of the whole ſpace de- 
ſcribed: from whence it might be concluded, that the 
mation or variation of the boiling point with a given vs vi 
riation in the ** of the atmoſphere was 238, 0r = 


| = 


a7 16 the . laſt t year (1 — 
re of Nit. RAMSDEN, 1 ro I 
he ers Mey i yer 
It Was about foufteen inthes dong, but the interval 
between. freezing: and boiling only . 8 inches , and 
gh every; degree ' Was ſornething leſs than the 
th of an an inch, yet, by-means of a ſemi-tranſparent piece 
waz. bie pplied itſelf cloſe behind the glas 


down in a groove cut in the braſs 
cale fat = rope purpoſe, carrying a hair- line diviſion, at 


3 which — dealing each * 


14 PE 3883 e — 4d + R632” Fs 
8 inſtrument immerſed ; in ſhow oy melting at the top of Mount 
feli t 2 e point of freezing obſerved ar the level of the 2 


»4(<) k e plſably be ſuggeſted, thay, if this hrrrral had been greater, ry 
20, 30, or 40 inches, 1 ſhould have had a much larger ſcale and more conve- 


e ({fſhthlenc / Böt in Mis, as in moſt other meckdhicaT cbntrivances, bur 
pogrra N, in limits is prevented; for if the perpendicular height of 
the column of quickfilver be much increaſed, the weight of it will be fuck as 
v Shaft ban und dhe inſtrument may differ from itſelf in a vertical aud 
n by half a degree, as I have ſeen in a tube only fiſteeg inches 

and if this circumſtance be endeavoured to be corrected by making the 
n eter ' thicker; its ſenſibility will be proportionably duni- 


— wy experience, were 10 lead me to conclude any thing, I ſhould 
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and more deli open feos 
wE head was div Fi: * wert fi Nan ns, 7 
1101 ny 21405 * 1181 
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beer: with care ex prefaly te 
wa ; * a great quaritizy of glaſs, 7 
5 P * e 
a degree, and this variation ae N e 
ml 27 
{ 1 i 
column of mercury); by means I — 
the. water was boiled, which was always fpring water, 
wide, with a top ſomething reſembling that deſcribed in 


greent9 ten; with, moneoves, 2cleys; of an ic fo 
mis aan iy wiped POWAY N bx-ahe, Mad, 
2 7091419420 On; by: DEI) 615 mans. ps 8 
to the fortieth of a Se (lor Ra 
was the 2 7199 8 III 1410 909 Ti: qq te 
be tube, which had, 
: „ that the diviſ jons in 
| — 7 
hbourhgod of the freezing freezing point 13 11 10 die 
the 115 8 
from tho hoſe near the boiling. point by f much a6 th of 
in oth 0 parts 0 
the tube firictly uniform, AS \ ; was fou 
Horgen fun appaia- 
tus I was enabled to read off any — the . 
meter to: within th of a degree. The veſſel, in which 
wis a cylindrical | tin pot, 13 inches high and 4; inches, 
Mr. DE LUC's work, contrived to Carry off the: Reamavith- 


out ipcommodin 81 the obſerver, with a Waſte pipe for the 


ſuperfluous water in boiling, which might atherw 168 En 
upon the fire and extinguiſh If... - The — of the ther- 


mometer was immerſed to within 25 inches of the bot- 
tom of the veſſel, and 105 inches below the fur face ol 
the water, ſo that as near as might be the whole column 
of mercury was expoſed to the heat of boiling water, 
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Ditto, Adelphi 
Wharf, 31 feet above hgh | | 1 
A 26, 1778, 1 
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The numbers in the fifth 3 are the corrected | 
heights of the barometer reduced to one and the ſame 
temperature, vis. 50%, which was neceſſary in order to 
have the true proportion of the prefſure of the atmo- 
ſphere, whoſe influence ſeems to have fo conſiderable 2 


(A) This is the greateſt height of the barometer that I have ever known, du 
as far as I have been able to colle& the higheſt point, that it has ever been ſeen 
c ſtand at in any country where obſervations have been made and recorded, 
Ance the firſt invention of this ingenious inſtrument, 


ſhare 


ie Temiperatare of boiling Water. 377 
ſhare in the heat of boiling water. column the fixth 
ſhews the height the thermometer ſtood at in water boil- 
ing very fait in degrees and 4oths of a degree; where it 
will be feen, that the obſervation was repeated, as the 
heat is given of every ſeparate trial, which is, perhaps, the 
| beſt criterion of the confidence that is to be placed in the 
mean reſult, ſhewn in column the ſeventh er * 
hundredths of a degree. 
Having collected this ſeries of pieces T was 
anxious to ſee how far they correſponded with Mr. D 
| LuG's, and upon compariſon of N* x. and N* 15. 1 found 


that the decreaſe of the boiling heat was * 9 greater than 
the rules admitted of from an alteration * the preſſure 


of the atmoſphere of 4; inches. This difference led me 
into an examination. of all my obſervations, to ſee how 


diſagreed from Mr, DE Luc's; and, laſtly, what general 
concluſion might be drawn from them. 

To avoid in ſome meaſure, or at leaſt correct, the er- 
rors of -obſervation, the mean of Ne 1. and N* 2. the 
mean of N 6. and N- 7. and of Ne 14. and Ne 15. was 
taken inſtead of either obſervation ſeparately; the firſt 
and third of theſe means as two extreme terms, and the 
ſecond as an intermediate one: with theſe it was very 
eaſy by -interpolation or proportion to deduce any other 
Cc 4 inter- 


far they were conſiſtent with themſelves; how far they 
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of fix to examine all the fifteen obſervations. - | 
' a compariſon. of N' 1. and 2. with N? 14. and 18. the 
mean motion of the boiling point in that interval ſor one 
inch of the barometer (uis. when the mercury ſtands 
at 28,886 inches) is = = 1%,7.433. according, to Mr. Dz 
LUC this is 1,6 8. By a ſimilar compariſon of N* 1. and 
2. with No 6. and 7. the mean motion of che boiling | 
point in that interval (vis. at 27,908 inches). for. one 
inch is 2 15,779 by Mr. DE LUC = 1½73. And, laſtly, 
comparing the mean of Ne 6. and 7, with the mean of 
N* 14, and 1 5. the mean motion of the boiling point in : 
this interval (vis. at 29,92 5 inches) for one inch is = 
1,709; by Mr. DE LUC = 1 „59. It ſhould follow then, 
that, within the limits of my experiments, tle alteration 
$ or motion of the boiling: point is greater © by = "than 
from that gentleman' 8 obſervations, that the kin of 
doiling water is not directly in the ſimple ratio of the 
height of the barometer, nor yet is the progreffion fo 
rapid as Mr. DE LUC obſerved it. It may be ſomewhat 
fatisfactory to ſee the obſervations collated and compared. 


| 600 It is true, that my obſervations in Savoy give this 8 + r thoſe of 
Mr. LE MoNNIER equal T r (Vide Recherches ſur At. & 964.) ; and though, 
perhaps, neither the one nor the other are intirely unexceptionable, they tend, 
however, ſomething to confirm, although alone they way be unable wholly 
to ſopport, ſuch a ſuppofition. | i 
1 — 1325 N* 


xs nbd dine * 


wy N. che whe, ry DE pe 8 
| meter. tion. rules. 
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= 2 a * 7 
Io To 
7 : = 
8 + N = 
Fo rom 


e q-1 f 
2 208/54 P 
1208,84 
| 210,03 (35 
210,87 
211,34 
211,67 
211,85 
212,4 
2135 123,03 f 
1213, | +025 21% | +027 
21379 | +021 | 21377 | +0,13 
5 | 214,23 | $0, 8 [214419 | #0, 4 
214,56 121465 | +0,28 | 
214,79 0, 4 [21479 | -0,4 | 
4,96 2152 | ,o | 2149 1 222 


* * 


= C 


* I dhl 3 no an from this compariſon, but 
laye them to the leiſure of the reader. It will, how- 
ever, probably be inquired, how the thermometer came 
to ſtand at 21 3* in boiling water, when the barometer 


was about 30 inches, 21 2* being the degree by which 


that heat is expreſſed on FAHRENHEIT'S ſcale? The an- 
ſwer is eaſy: : it was an error in the making of the inſtru- 
ment, and, I believe, a pretty general one. There was 

VoL. LXIX. "Was ' alſo 


* Sir —— | 


0 e {hat the 
fundamental - interval ween freezing. and boiling, 


when the barometer ſta ds at 2958 inches (the mean 
height at London) was iB&%;7 1 inſtead of r86*; by this 
means each. diviſion was in fact th part leſs than a de- 
gree: this ſmall copredtipri whe kl eaſily be ap- 
plied, it My he neceſſary, b "ot [ bh hw" taken no notice 
of it. | | : e _ 

I wi now ad: a hath ate get the dey of artiſts in 
making this inf ment, both according to my own 
obſervations, and thoſe of Mr. Ds vpe, that the-pre- 
ference may be giten 49 it ſhalt be” bught due; not 
that it is a matter of atly great cohiſequerke which is 
variations of the atmoſphere; 
but even umler theſe circutnſtances, 1 flatter myſelf, that 
the object of this Paper will be ſufficienti obvious to 
alt who with to verify a new theory, or aim n at ACCura 
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XVI. Archi of U nend NE BRin 206 A Wah, 
rich can be mite in 4 Mont without Appurutilt, an 
u, for Explofion as other inflannable Galfes in ue 
for 'thlit Purpoſe; togetber with a net Theory & 'Gim- 
-.: powder.” Ey John ingen-Louſs, a9 Phe 1 their 
his. any We 3" n *O 1% 77 19916 2H aca 
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44] bolder dio 18 
iſcc eries an.differege. kind af air 
Pal; > field for one pt;; the moſt 
pleaſing and intereſting ſcenes which, cer E expoſed 
to the contemplation of philoſapþers, Ad; ;bÞ&retore 
could not fail of exciting in almoſt ee N of natur 
knowledge a decided curioſity to ſee the puxſuit of ſuch 
ſtriking novelties, agd in many an amoſt irre ſiſtable 
temptation to imitate them, and to purſue farther the 
road already fo far agencd by the Rey. Dr. pgiEsTLEY 
Abbe FONTANA, Mr. LAVOISIER,and many other learned 

andi ingenious men. er 1 ee n 

Who can, indeed, without the greateſt (Gatixfacton 
wok (amidſt many other e of admitation) up pon the 
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Dr. monſronas abu, K. 377 
diſcovery of that new aerial fluid, which in purity and fit- 
neſs for reſpiration ſo far ſurpaſſes the beſt atmoſpherical 
air, that an animal protrats his life five. times as long, or 
eren mgre, ip it than in comman.air of.the beſt quality ? 

Dr. IST Ex, the firſt who diſcovered this wonder- 
ful fluid, extracted it from bodies which we ſhould ra- 
ther have + Fol! pected to have contained deleterious. exha - 
tions. He afterwards found it exiſted. in many other 
dodies· in which the moſt accurate obſerver never found 
any thing of an approaching nature. 

When I conſider the immenſe quantity of this pure 
aerial fluid, called by Dr. PRIESTLEY with ſo much pro- 
priety depblogiftitated air, which exiſts as it were in a 2 
ld ſtate in nite? it calemed metals, and even in ſome 
sther of. th moſt common! fubſtances,: 1. cannot expreſs 
the greatnefs*of* HHN [expettation, as a phyſician, from 
fuel an im portatit diſcovery. 1 flatter myſelf, that ere 
bing an eaſy and” cheap method will be diſcovered by 
whith ſuch quantities GE this beneficial air. may be ob 


913 nn! . n Las not! 3357 RN "> 
| ) Since- Dr: p53 = cation on air be diſcovered, chat t e 
Ade » N tp a mmediately, Fires bl a mall quantity of 
bad air, yields ſpontancenilp about ten- times the quantity of pure: dephlogiſti- 
cated air after ſtanding ſome time expoſed to the ſun, Of this I was an eye-- 
witneſs, The important” diſcoveries of Abb& FONTANA upon this ſubject, 
which heſhowed he when] was laſt in Patis's yearand a half ago, will (oon 


15 1 ord 1 825 excer aQed thas wonderful acrial fluid from different. 
_—_ tained! 


\ - LW 
them over a fire: 


ue I. — ee n 
tained as will ſerve te cure ſeyexal diſeaſts which: Rei 
the power of all other hermes, abd.f0s DrPnge Aft 
were, human life. We may expect, with ſame cantec pf 
confidence; that this nem cement, hen it ſhal he u 
tor the benefit of reſpiration, will be found ape: Hychan 
the: beft;common air to free our body from;thatiquantiy 
of phlogiſton or inflammable principle .whiqh ee to 
— exiſt ſometimes. in too great a quantity: in he ag f 
our bloody or from which at deems ſametinaes; as it were, 
to be let looſe in too great abundance, producingy per- 
haps, in confequence fevers and other {4ymaptomas, the 
_ cauſes of which have not - clearly elucidated by 

tie beſt medical writers „ ye amr 
This dephlogiſticated air, — 
particles with which the beſt: common air i is always ir 
fected, will probably be found capable of abſorbing 2 
greater quantity of thoſe. phlogittic: particles with which 
the air coming from our lungs: is always found to be 
pregnant, and thus of ventilating, as it were, much mom 
expeditiouſly the maſs of our blood of that which a con- 
ſtant exertion of the organs of reſpiration is daran 
able to free it from in a ſufficient quantity. Fig oo 

Theſe important purſuits have led Dr. PRIES TLEY, N 
the diſcovery of one of the benefits, and perhaps the 
principal, we derive from reſpiration; that function of the 

W 4 animal 
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eK crcetrötffy hie h is fo fportant, that withour its 


conſtant ituende an ane uner- ett has dw few 
wotnents te H 12247 aB 1 
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the addition of nitrous air, is one of thoſe uſeful diſco- 


perhaps, hereafter reap a conſiderable benefit. 
The diſcovery of the various kinds of inflammable 


airs or gaſſes becoming powerfully exploſive, when they 


ar; is orte of thoſe improvements in natural philoſophy 
hic Brving occafion to various amuſing and intereſt- 


ing experiments, have caſt at the fame time'a new light | 


upon ſothe powerful agents, whoſe miſchievous force 
vag Eno wn ;thowgh their nature was ſtill in the dark. 


As thoſe 1 


ing; without any trouble or Particular apparatus, ſuch 


Which have dv urred te me about the nature of that won- 
an immenſe diſtance by its almoſt irreſiſtible exploſive 


- The eviterion of the degree of IRTP of reſpirable 
air, by the quantity which is abſorbed or deſtroyed by 


veries/ of Dr. "PRIESTLEY'S from which mankind will, 


are mied with a ſufficient quantity of common air, and 
ll more W wheirthey are combined with dephlogiſticated 


mmable airs have been of late years one 8 
of the principal ptrofophical amuſernents, I intend to 
lay before the Royal Society an eafy method of produc- | 


qttantity of an inffarmmable' air or gaſs as may be re- 
quired; to which T ſhall: ſubjoin ſome conſiderations 


der, which conveys death at fuch 


force, 


| 
| 
| 
| 
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Wseisht. Nhainve ia de urs 1 
dient, by, ,yhich the; fata of, empires i decided ine 
day gannpt intent Mee den 
lght in, inveſtigating natural canes; na anw 19Hlnd Ninn 
Being at Amſterdam in November, i 1772 Maflicun 
AENEAE/ and CUTHBEATSON, tWo: ingenious philaſophers 
of that city," ere ſo g/ 0 Rhe lame Wing 
experiments with, exploſiye and inflammable airs of dif- 
ferent, Rindes. They, Produced an inflangymablepige hn 
nixing together equal quanties of ail, of riet and {pi 
rit of; wine, and applying . heat: to the phie! 
the compOond, A great quantity of yhite,yagour wa 
extricated, which, paſſing up the inverted reggives filled 
with water, ſettled at the top and deppeſied the, water, 
other airs do. This air ſoon became Clear, the. White 
fumes being abſarbed by the vater. This air ag gafily 
lighted in an open cylindrical, glaſs, and burnt almoſt a 
clear as a candle, the flame deſcending. gradually lowes 
and lower till it reached the bott WP; AN PA 
Rr aon ; 
air, for inſtance, one, fourteenth, or ons tenth paſt, and 
kindled by an electrical ſpark, exploded with a very loyd 
report, and ſhattered the glaſs to pieces in en it 1 
wren, when it 899k Fad. a ready. vent. 
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Re 
yp erf eed A Kind of + pol for the purpoſe, 
HARING OT aftibrig C y UUAricab glad Ube with a Piſton 
adapted R It. F the end af this tube was fixed a brafs 


darréf,“Hke that fa common piſtol: into this barrel i 


ittle abe the level, to prevent the bullet rolling Gut, 
The barrel was drrected to a board of oak at eight or ten 
fett diſtaite! A proper quantity of common and inflim- 
mable At- (Pttbduted in the manner above mentioned) 


Was Hred dy directing an electrical exploſion through it. 
rie e pNHtf Was very loud : the ball hit the board with 
ſüch f forte that it made a ſtrong impreſſion in it, and 
recohed with a confiderable force, ſo as to hit the wall 
behind is! And to put us in ſome danger of IA hurt 
by its reb6urilling force. 

"Thefinie gentlemen told me, that this inflammable 
air had in ſotiie reſpects the advantage over the inflam- 
mable ars e tracted from metals by the vitriolic or ma- 
rine acid, ard that extracted from mud or marſhes; be- 
cauſe tus air alr being heavier than either of theſe airs, and 
kren than common air, is not ſo eaſily loſt out of an open 
beſlel; and, that hen it eſcapes into the open air, it 
agreably perf umes the room with the ſmell of iritus vi- 
trioli gultis or æther; whereas the other inflammable airs, 
Vol. LXIX. E e e which 
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braſs bullet was put 16ofe} ſo that the barrel was placed 4 


bing driven Into the glaſs tube by means of the piſton, it 
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the mon dir, vieid an offerifive; dififrecible ſtencil. 
L. Ax NE AV, having etammed the fpecift gravities 
— Aten MH ny Airs comparec With com 
moll Alt, favorited "ns With Us followi fig ref of Hig 
inquiries. * k 912413 gu 

A Veffel, whic 8 
of common i cofttditted 15 grainis of TüflatmrhabIe ar 
Gtr aten Tom irh by vitriolic acid, and: 2 graitis of in: 
Fre air extracted from mud or mirfh&; afid 1 50 
grains of that extracted from, oil of vitridl and ſpirit of 
We. 1110 Di 064 10) Daliat a3to.109mrigqus 
I was much mda with the above mefttioned expert. 
ment, and immediately thought that the operation of 
extraQting this inflammable air or vapotir could ve Gil 
penſed with by employing 4 vitriotie Hes, Witich in 
reality is contained in the vapour expelled by heat from 
oil of vitriol and ſpirit of wine, which vapour, ' condenſed 
in the proceſs. of diſtinlation, yields ther. But L re. 
ſolved to defer making the experimem till 7 MHüuld ar. 
rive in London, where 1 intended to make fome tay 
to ſee my old friends, and acquire hides medical and an 
loſophical knowledge I could. van ue 1 36817 OA 

Having arrived in this capital in the beginning of Ja 
nuary 1778, I loſt no time in purſtirig my idea. For 


ntained the "_ of 138 graitt 


WHIEN! fr6ih — Sechs gta ueber 
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gas te, and. directeg, an glęctrical exploſion from a 


lenden, Phil through it; but, to my mortificatiop, no 
erplaſing happened. L chen threw. a bit; of cottan, dipped 
in ether, into the ſame tube, but it would not take fire. 
Though theſe firſt trials proved unſucceſsful, I was too 
much perſuaded, that in ſome. way or other it muſt ſuc- 
cd, to bediſcouraged. Itried it in ſeveral different ways, 
and # laſt, before the end of January, Lucceeded once or 


whe » lie bit. of paper dipped i in tber. But as s the 
experiment often failed (of which I could then find no 


reaſon), I did not venture to ſne it to, my friends till 1 I 
had hit, upon a, method, the certainty of which. would 
pravent c) heing expoſed. to, ſome confußon by, exhi- 
biting 2ExPeriopeny which was ſo apt to fail. However, 
told Sir JQHN PRINGLE, Meff. NAIRNE' and BLUNT, pon 
ome tew.others of my. friends, early int the ſpring, that 
Lhad fqynd out a, methad of fring an inflammable air 
Nite withpnt, bing at the trauble of making inflam- 
mable air in the ordinary way; as I produced it at 


and that I would ſhew them the experiment as ſoon as I 
qs ſure of ſucceeding conſtantly. In the mean time 1 
cntinugd to Produce 1 this air before my acquaintance in 
11 E e e 2 me 


this paged pwured forpe frans 9%, ether, into g fg 


Nealure in an instant, without any trouble or apparatus; 
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tlefchyir Edd Teen mt prSddceh at HH del ib bn 
After With don bettef and furer methods of feats 
ins, Tüegati tb how it tothõſe HQ carte to vIRt may 
Aid in th Begitming ef thei fettirmer I made no Reuple 
of mewing it 66'every On ad 7ECT HOH ̊o gfody 
The reaſons why I did not ſucceed in the beginning! 
found after wards to be, either that l employed too great a 
Mantity of ther, or that the air or 'vapstir of thbether 
Was not thoroughly incorporated with the other airs. "fot 
the ſame numbr of drops of æther poured inte the al 
piſtol, which would not produce ar explofiondwhen the 
piſtol was not — made 4 very londonEwhdn it 18 
forcibly agitated.” On 1507 Bir vs 18 Tis dnt 
Tue fureft method of fac PEG be the fok 
lowing: 1 dip a ſmall glaſs tube; pen 'on'!buthl fide 
arid the bore of which is one twelfth of an integra 
meter into a phial containing æther, and when tWẽo er 
three drops of the liquid have entered the tube I apply 
my finger to the upper end of it; to keeptheliquor fab 
perided. I take the tiibe out of the'phial; atidithruftit 
immediately into a ſmall raowtebolek, or elaftic gum bot 
tle: this being done, I withdraw my finger from the 
tube, and take it out of the caouicbouet; thus tlie little 
quantity of #ther, ſuſpended in the end of te tube, is 
dropped! into the caourcbouck, the neck of which is to be 
immediately 


* neee ue iter Gala 6 * 
2 ˙˙¾ö1 grificegt tbe 2ir, piſtol, 


aud, aſe giringy ita gentle que, withdrawn, out af 
after /whicha bullet ia cork is.jo be th ruſt into the 


auth of: thi: piſtob when it is rc or fring. This 


whole operation may be performed in the pace of five 
or fix; ſeconds. or ho, n ib id 2notgor gf _ 
The conſiderable force of exploſion, and the loud re- 
port of the ordigary inflammable airs, induced. Mr, 
yOLTAs of Gomo, to believe, that theſe; airs might, per- 
haps, become a ſubſtitute to gunpowder. If this expec- 
tation hadebęen well founded, the greateſt de/ider att 


would, þ hink, have been to, find out a ay to produce 
ſuch air at any time without trouble, and to carry it 


about in as little c hαι as poſſible: which, two condi- | 


tions Lihapld have pretty, nearly fulfilled, as all the, iy 
Jammable air: Tœquüſite for the exploſion, of the piſtols 
contrived dy Mr. VOLTA. is. contained in the bulk of one 
ſingle drop of ther; which; drop, poured in the piſtol 
wif; is, full Gafbcient to produce a,yery,powerful. oxplo- 


fiom1 Hut ho far this expectation of Mr. VOLT A, as.to 
the uſegof inflammable air in offenſive arms, is well 
grounded, Iwill attempt to explain in the ieee J 


mn. sds 0117 10 1010 1 Ae 
This inflammable air (which, perhaps, 0 8 
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properly be called vapour, as it is abſorbable by Water) 
has 


=... — acumen way 
kev the ipriticipa properties. e other — 
Airy 4½ Ait will. not inflame but here it. is in eas 
tritt commom or dephlogiſticated air; and therefore 
only takes fire at the top of the veſſel contairſimg it, the 
flame going gradually. downwards till the whole is com 
ſumed, if the veſſel is of a cylindrical form, ani Pretty 
wide. If it is diluted with common air, but not ſufſi 
ciently, it will burn as other inflnnmable air Withem 
exploding. Being ſufficiently diluted with common 
air, eſpecially with dephlogiſticated air, 16, explodes 
with a very great report and a conſiderable; faven. . It i 
arifit' for reſpiration in à concentrated ſtate, and is 
mortal for an animal plunged into it as any other of the 
inflammable airs; though in a diluted Kate it ſœems to 
de rather pleaſant to the organs; of reſpiration io 
It differs in ſome reſpects from the common inflam- 
mable airs; as, for inſtance, it is much heavier, as is al- 
ready obſerved, than any of the other inflammable ain 
and even than common air. It does not inflarne or ex- 
plode with ſo imall a ſpark of electrical fire as the other 
inflammable airs, requiring the exploſion of a Leyden 
phial to be fired with certainty, though one ſingle inch 
of coated glaſs will be ſufficientʒ ſo that a Leyden phial, 
containing twelve or fourteen ſquare inches of coatings 
* fire an air we loaded with this kind of air ſeveral 
times, 
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dies if te charge be divided by taking iti out with: a 
fall glaſt tube, (fitted up in the manner I deſeribed in 
the paper Thad the honour of laying: before the Royal 
Society laſt year, and which is inſerted in the ſecond part 
of the 68th vol: of the Phil. Trand.; in which paper I de- 
ſcribe a kind of an electrical match to light a candle with; 
This air being in contact with water is abſorbed by it in 
1 fe days, though the water be not ſtirredl: and much 
dener loſes its inflammability by contact with water 
man the other inflammable airs do. However, I found 
that in ſueh a ſituation this air had not yet loſt all its ex- 
plofive force ini ſix days, though the water in which the 
cylindrical glaſs, ten inches long and one in diameter, 
was inverted, aſter I had poured into it five or ſix drops 
of æther, had gradually aſcended till, on the third day, it 
reached to the half of the height of the glaſs: ſo that it 
ſeems as if theſe drops of æther, by their expanding in 
te form of air, had forced out half of the common 
air contained im the glaſs, in the place of which the wa- 
ter after wards aſcended in proportion as the air or vapour 

generated by the ther was abſorbed by the water. 
That this air is ſpecifically heavier than common air, 
and does not readily incorporate with it, is eaſily demon- 
trated by the following experiment. I poured five or ſix 
_ of æther into a cylindrical glaſs, ten inches long 
| and 


| been Fetched rim ave — ri 8 
nd inverted it to inter pbrate the air" generated by the 


thier with the commimôn alt; utter hen T He gl 
open daring Ta, FI hot; When L dlppett M -A 1 inn 


KE "taper burning, ſtuck upon a bended — fon 
as the taper ct tlie brim of the glaſs, of Rate Duft 
out with à Weak explofion.” TH 3 
Again Put the wax taper Into che date Cylinder, unt 
no flame was obſerved till the war taper” reached the 
place where the flame ended the” Art ume. This fe 
cond ex plot n did? not ſet gi to o the Hole at tłis bott 
"of 1 the glass. M again "waited 'A rg Ar''cufr, and 
| chen again thruſt the wax taper into hte het me re 
mainder of this inflammable gaſs, Which Da Tethältte 


Lettled all that bm at the bold, Myr very u 
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0 ) 11 is m ** — hoy the : moſt 2 liquor yet known, and & 


apt to ſpread irfelf through the aw by a quick evaporation that 4 Mbp of 10 
ine æther, which-falls from the height f a — — 
it reaches the ground, and no glaſs ſtopper of itſelf is able * it from en 
porating: it is remarkable, I ſay, that notwichſtanding ne Yolarith, 
the air or vapour, into which it changes by. evaporation, — ſar from 
participating of the ſame volatility, that it may be kept hours together in in 2 
open cylindrical veſſel without eraporating, mixing with the common air, 0 
loſing its inſſammabilityz fo that this ſubfiauce/ ſets dn undergo a ſbdden ino 
morphoſis, and to change in an inſtapt from the s f all liquors | to one of 
the heavieſt of aerial fluids, fixed air, which being one half heavier thai 
common air, according to the experiments of Mr. cavanpisny 4s/ probably 
much heavicr than this ether air. ; 


1 found 


ppp — 28, inflammable. air 
5 bug that the experiment, yy repeated, 1 7 
apt — the eee which remains in 


dhe piſtol, and by, its nature at attracts the NZ of th the 
.mgſphere, will ſoon fill ag, in ar 74 60 ar ol with a 


— 


Sat of, moiſture. and een FRE; th e clectri * cal, ſpark, irc *r 
.kindling the inflammable ai T4 by ite d, W Teo; 

* Jt It appeared, t TAL! a little camphire d diffolyed in #ther 
increases its exploſive force, and makes, it leſs apt tof fail. 
.., As this jnflamamable air is heavier than common air, 
iis clear, that the mouth of the air piſtol ſhould be kept 
WWF READS HF of. nde it; whereas it, is better 
to invert. the geg When the « ordin — inflammable airs 1 


+} *$29 


are employed, which, being ſpecifically lighter than com- 
won air, riſe of theinſelves in the piſtol when its mouth 
planned, upon the orifice. of the veſſel hich 
che OF if 8 55 — f eh WT: GAS: 

It is true, that the ſqueezing the elaſtic gum beute 
when Place 8 upon the piſtol, forces ſome of the inflamma- 
ble gaſs out of it, Which is loſt i in the common air; but 
e & this yours the inflammable air which 
Vo. LXIX. Eff. 3 remains 


n_ "9 Tm 7 — 2 —_ - 


IMs. e ee eee ea 
{Its piftob is ſuffici ent to produce a loud cg. 
Pott, WIA 15 alf that is required. Indeed, one fingle 
Arop 6f the ther ode be caſily ſhaken out of the glak 
tube immedi ately tothe piſtol, without making uſe of the 


elaſtic gum bottle; but this drop, evaporating into elaſtic 
air, leaves behind it's good deal of moiſteire, whether in. 


herent in the ther itſelf, or- attracted from the atmo- 


ſpPhere. Th moiſture, in the, way, h uſe. to, load, the 
piſtol, remains in the elaſtic gum bottle, Which i 1s 22 
fore always found moiſt when the cee e 
Pested ſeveral times. Cot fie g Hh Bi 2 RW, 
bye was; indeed; known before, this time, that ther the 
anch other volatile inflanamable liquors f pread by eyape 
rating inflammable effluvia through the ſurrounding air 


elpecially when they are heated; and and that theſe effluvi 
"Rave fometiines by the imprudent approach-of. a candl 
"taken fire, and conveyed the inflammation tothe liquor 
itſelf: but 1 never heard that any body, employ ed theſ 


Nerd 


q uors inſtead of ordinary inffammable air in 90 mm 
nĩcating to common air an ex ploſive quality, or in firing 
inflammable air _— before 1 Mitch nicated the EE 
Fee my friends 1071 bons is biet NY 
As it will, I think, Apes very probable, by what wil 
1 ſaid hereafter; that little more than a Pleaſing amuſe 


- ment can be expected from the force of any inflammab 


——— my 381 
2 ered ; rHH AO. ef IHC in flammable air ANN 
Fady för ufe when af? Wxptofion is intended; to he pror 
gubsd, tray be df {ori importance 10 philoſphen 
. pn orrer; Hf 
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Gmparative, view, of the1expanding fore of e "a 
andgunppwdere; 
He £6kc#"'bf Söntpoesder has been e ty Sir 
EAG HEWHDR und all other philoſophers to the ſudden 
GtricalibiVf a amazing quantity of elaſtie permanent 
aerial fluid within a narrow ſpace incapable of contain- 
in 91 t; WBitH qlititity bought to be attentively attended 
to, 5 5 ider to eſtitnate the e eren ne of the 
two fü tncs. n net ei ee ited 

5 BY Ae Rob Ib, whoſe work, intitled, New. Prin- 
45 of She paſſes in this country for a ſtandard 
bock, Aft 8, Mat Sufipowder; when fired, generates, a 
32 Ghats fluid of 2 zo times the bulk of the pow- 
der be before it was fired! He found; that common air, which 
BY cate” by the contact of a red- hot iron, expands to 
ad tirnes its former bulk.”” Hence he concludes, chat 
the elaſtic air, diſengaged from gunpowder, muſt expand 
alſo ts four lader its dimenſion; and that it occupies 
abollt a chouſand times the bulk of the powder in the 
momeßt of inflammation. a 2 1438 
Ff f 2 8 The 


— 
ly 
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4 2 cMfdg0d oem: 
=. ars cl 1 
air ee. by the — of Edu Obrug 
pie When! ard; 2 tinies the- bulk of the power, 
WHICH agrees; as he funds iH the'computation:mady 
By Meſſi ##8KbB23;| AMONTONS) and BfLVDORco This 
calchlatiotr lie cbnfirms in the ' Melanger't dePhilof 
Pie et der 'Marbematinizes de la Societe Royale de Turin, 
Which is a continuation ef the former wWorkl! He is uf 
opinion that this elaſtic fluid is of tue fime mature with 
bommon air (Which was likewiſe the opinion of Dr. 
AAuks) ; and that the prodigious force of ganpowider. de 
pends uh che action of che Gre ot all parts, bf 
Which this fluid exerciſes all the force of its elaſticity. . 

bar The extrication of ſuch a conſiderable quantity of 

Permanent elaſtic fluid by the firing; of gunpowder: ha 
tom paws particular ule by ſevetubphilofophersl-ic: 

The celebrated Mr. DE LA oo¹ E gives an 2g 
count of a braſs air gun contrived by one Mr. MAT, af 
Turin; which he loaded with air condenſed hy firing 
in it two ounces of gun powder, hich, by its inflammz- 
tion, let looſe ſuch a quantity of air as Was ſufficient to 


OT. rr ener 


. ſhoot. avleaden.bullet ſixty, paces, and to repeat the, proce I 
(% Miſcellanea Philoſophico-Mnhemai nne. Taurin 


le 1 eighteen 
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*radually as im other ar ue n 5445 vil baibtdnay iin 
aln the lenrned Werk. of Mr. iAN'EON 1þ BR, Italian gener 
demand find the fame experimentzthg account of hich 
j.dccompanied:with-a figure oß ſuch an ain gun, in Mhich 
the author fired one ounce of gunpowder, the barrel be- 
ing very ſtout, and of a. ſize. capable of containing ten 
ounces: Hs afterwards let a quantity of this compreſſed 
air out by a valve in the ſame WAF,| as it is dong in che 
ooπmon air guns. This one ounce of gunpomder 
Nieldded / air enough to propel a leaden hullet through a 
boardithres lines thick; at the diſtance of forty paces, any 
to repeat the proceſs ſixteen or eighteen times. 
G The. difference of the quantity of elaſtic fluid obtained 
from-thedixing of gunpowder by Mr. ROBINS and others 
might be owng fo the difficulties attending the,inveſti- 
gation, r to the; different. proportion of the ingredients 
uſedi in / the / compoſition of the powder ; as it is well 
knowng! that: gunpowder: for the uſe of the army is 
made uf five or .Gx parts of nitre to. oha 152 en, 
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; = one of ſulphur x; when ſe yen, parts of 'nItre are ul 


THO, x e 
t is called fv padre art Ce. 
{1 Do Ine Are AAN I YiaugoT LL pn eq 


. on BERNOUILLI ca 
18.13 The, eelehrated ur. 1 T as; IXIZD Sd 1165 66. 4 Raj 65 


Mn of, ba air contained in a ſolid ſtate in 0 er 


| i ie ens edt 
to be 8 0 f what this fluid 18 when it con — a part 


Wot}... Þ ILAN 423-2: bf e 

of our atmoſphere. But he does not "conſid der this air as 

Wil J113 1 1 „ann 4199) & eien . n 
exiſting in all the co mponent ingredients O 

1. 


0 104 1 7 1 191364 GUY? 10 - + 
powder, b ut chi efly 1 in the nitre : and Count SALUCE üb- . 

Y HONED IH tht ©3 r which c il | 
pales, 1 that t 5 part © of the gunpo powder ich contains WW - 


ITE + 4 hat | 16051 


| its 2 If 
this air conſtitut es a conf derable p art of its bulk (thous 
* . 8 4 | 20 Ag II. 5 4 £000) 5 + | 
Jomewhat 1 leſs than the half), Let us now ſup Ppole, e, that Ml | 
17 9 TE, WILIAGLU L 84 (4513 it. £418 . Ape g 
part of the aopowder. which contains t r to } 
I's 73 


much Jeſs than the half of the whol Ee for it wor 
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be difficult to demonftrate accurately to what p 477 


211101 e 19 1 136! 14s 3:9 
of the, whole. .maſs Chas Part amounts in realit y). On i this 


[ 41 Afi vo IV tote: XY 10 10 
ſuppoſition v we ſhall find, that the w hole mat: el gas POW- 
| ad . — 


| „ 16 0 "arm 1927 441 ISIK. 
der contains a | quantity e of 0 id ftate Which 1s fe- 
10 7 Fd 21144 tit da, (1 (6 
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; duced. i in bulk to near , or, in other word at one 
—— 80 1 443. It EO 150497 2 
ſquareinchs of gunpo Set: near 500 ſquare inches 
. 20 Ne 1236236 Q2t 201d vL Ad 


of air; which deing heated in the loment of inflarama- 
tion will expand to four times A came ian ter; o that ac- 
cording to this calculation ; gunpowder 1 muſt aſt expandin the 
moment of exploſion to near 2000 tim i imes its ow! bulk. 

It ſeems very probable, that this calculation of M. 


BERNOUILLI is much nearer the truth than that of 
3 Mr e 


new iir Air: or Gays 

d NIN. be e er Goſs 

A Ene 9 Erne rer 5 but 1 
7 527 

N — two mentioned writers, th put ugh! to 2 A has 


If "= S 10 STORE BERNOVILLYS ; caleutitions t6 
5 x ult as can be expected, W it is colder! That 
evalitation. Was made befo e re che neu diſco verics 


{ih the natures of nitre and anch. But this aflertion 


will de beltet underſtood when 1, have explained the nb 
3 (1 3 uf, 


e * 10 2 


of gunpo powder ſomewhat fuller. | _ Ken 
* 151 JACT III 4 
If we continue. to ſay, as we have hitherto done, cat 


4 H £1 


charcoal takin 
1121) 141 


ts 2 ga it tat Amazing; quantity, o of elaſtic fluid which 
was ſhut up within its: ſabſtance, we only fay what We 


N 20 OJ Irs wp beſt —. IE 11807 
ſee in reality 1 is the conſequence of ſetting fire to 1 this iti- 
5 


Do M TO N 31007 

\gredient. But this explanation does not convey 4 clear 
110040 8 OJ 

idea agft * er in which the extrication | is carried on; 

III 0 Yi 521 11 0 | 


nor of 


3 * AK Il 50 
1 2] Fg ae 


an in 
2110 6. N Ji 8: ue Tt 


a of goponder, ſhould almeſt in 
ation through the whole 


mals does 1 1 explain clearly, why nitre and 
2901 * 50 00> 7 III. TIC > ICC 
Charcoal ( 5 ſep⸗ arately yield n o flame at all, though 
121110 | 377 
ever ſo heated when combined and intimately 
large 
mixed 107 rogers 77 „erplode with as loud 3 lt a8 : 8 


a | © 1 C11 | 3? 7 
ordnance piece, ſur aſling e en in loudneſs thunder- 
1 1 No 23. £113 b 8. 7 q 


laps; nor why this forcible « exploſion ; 18 accompanied by 


40815 


2 moſt brilliant flame. 
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Nitre 
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ag fire decompoſes the nitre, and extti- 


why one angle ſpark of fite, tlirowh 
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Ne is compoſed of two different ingredients, viz. wm 
acid, called from its peculiar nature the nitrous acid, and the 


vegetable alkali. Neither of theſetwo ingredients are caps 
ble of inflammation; nay, they even extinguith actual fire. 
When they are both combined and conſtitute the neu- 


tral ſalt we ſpeak of, they have not, even by their coali- 


tion in one body, acquired an inflammable quality, for 
nitre may be made red-hot in a' crucible without ſhew. 
ing the leaſt appearance of inflammation, not even when 
a red-hot ſtone or piece of iron is thrown into it. But if 
"any common combuſtible ſubſtance, as wood, charcoal, 
or ſuch like, is thrown into the melted nitre, a flame 
- iFies with a kind of exploſion, though only at the ven 
place where the two ſubſtances. come into contad. 
The fame flame and exploſion is obſerved when coli 
© nitre is thrown upon a combuſtible body, in a ſtate of 

real ignition, on a piece of red-hot charcoal for inſtance. 
A The true reaſon of this wonderful phenomenon ha 
not been conſidered hitherto with that degree of atten- 
tion it deſerves, and could not have occurred to any bod) 
before our modern philoſophers: had diſcovered the ns 


ture of various kinds of air, and the manner of e,. 


tracting them from bodies. 


- Inflan 


os — SBMONT, 


tine; dtn Torah burg 
at le dee ttist Baffammable gas. conceruratef 


flame: Mr CH ,t was the firſt n ho ſet this matter 
in a proper ngbtl Mb diſcoverech by experiments, that a 


propotrio of iu ffaimehable ai rz as, for inffance, two parts 
of commo ar with eight parts of inflammable air, 
caught fire ithout'noHe; and confamed gradually; but 
mat thres parts of inflammable· air and nee ff 
reſpifable ar 'exploded/with'avory loud ſauund. 

lt was Dr. PRI ES TEENS important diſcovery which 
ſuggeſtec 19 the he theory intend to lay before the 


Royal Socfety dl dite Og tO, $4, ia 


mon air; dephlegiſtitated air is mixed with a due propor- 
tion” of irflamable air; the —— eee 
(hes 04 Do14ra4o; don 2047 hal ag ©, AUG enge Trors 
The printipal in gredients of n and thoſe to 
which it owes its forbe; are nitre and charcoal; for theſe 
two ingredients, well mixed together, conſtitute gun- 
powder at leaſt equal if not ſuperior 1 in ſtrength to com- 
mon $unpowder (as I found by exper jence, and may be 
Vol. LXIX. Gg g ſeen 


EE enen ct, n. _ 


"hs eb nHered A8. ovidl fluid, Gafeptibici of inflatu- 
Ml nit Berti at ally but on the contrary. extinguiſhes 


Mixte Gf A/ fall quantity of cοmmmon nir with a great 


This acute philofopher found; that, if inſtead of com- 


| -_ Dy. —— Account of a At 
ſeen in the Memoire of Count sALucx, inſerted in the 
Melanges de Philoſopbic et 'de Mathematiques de Þ Acad; 
Royale de Turin), The fulphur ſeems to ſerve only for 
e of pd ns to the maſs with a leſs degree 
of Denn. 1 1 
VNitre yields by heat A Awe quantity vor . de- 
phlogiſticated air. Charcoal yields by heat a conſidera- 
ble quantity of inflammable air. The fire employed to 
inflame the gunpowder extricates theſe two airs, and ſets 
fire to them at the ſame! inſtant of their extrication, 
Thus the difference between the inflammation of gun- 
powder and that of a mixture of inflammable air with 
dephlogiſticated air in an ordinary air piſtol (as theſe laſt 
are now contrived for a philoſophical amuſement) ſeems 
to be, that the compound of the two airs in the air piſtol 
takes fire, when already extricated and exiſting in a ſpace 
without compreſſion or condenſation; that is to fay, 
when they are in no condition of exerting a much 
greater elaſticity than what they acquired by the heat 
generated in the moment of their exploſion ; which heat 
can only expand them to four times their former bulk, 
according to Mr. ROBINS: whereas in gunpowder the two 
airs, exiſting in a ſolid ſtate before their ne and 
occupying, according to Mr. RoBINs, about of the 


158 


ſpace they take up after they are ſet looſe, but moſt pro- 
buably 


new inflaminable Air e 309 
bably even leſs than 225 (as will be ſeen by and by), are 
extrĩeatei all at once, when conſined (as in fire arms) in 
a pace 25 or rather 2 2s ti times leſs than they can-occupy 
when reduced to the temperature of the o mmon atmo. 
ſphere, and of conſequence 2000 leſs than they can oc. 
cupy when heated in the moment of inflammation; ſo 
that the difference of the exploſive force in the inflam- 
mation of We two N ere can be no leſs chan as 4 is 
to 200677 He var eee 
It muſt be here rentletivea, that air n very com- 
preſſible body, a moderate reſiſtance acting againſt its rare 
faction eafily overcomes the force of its expaniion, when 
this expanſion or rarefaction does not amount to more than 
four times its bulk (that ſuch a power ought not tobe very 
great, we know by the force' employed in ordinary wind 
guns and condenfing machines) whereas no condenfing 
machine has yet been contrived by which air could be 
condenfed to any thing approaching the ſtate of conden- 
ſation of this fluid as it exifts in the ſubſtance of nitre. 
It might be here objected, that air compreſſed to one 
tenth in a wind gun poffeſſcs à power not much ſhort of 
gunpowder, though only ar orf it is let looſe at a time; 
and that thus, inflammable air, though expanded only 
four times in the moment of inflammation, may exert 
a force approaching that of the wind gun, the whole 


34 us maſs 
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the / caſe of a wind gun the air com preſſed to 25 is ready 
to exert all the force of elaſticity exiſting in the whole 
maſs, and may therefore be compared to a ſtrong ſpring 
forcibly. bent. But the inflammable air is far from 


ing the force of expanſion and elaſticity through its 
whole maſs at the ſame inſtant: for the nice) is 


propagated through it ſucceſſively, beginning where the 
electrical ſpark kindles it, and reaching gradually farther 
till the whole is conſumed. Now as I have demonſtrated, 
that inflammable air is reduced to more than half its 
bulk by inflammation, it muſt follow, that that portion 
of it which is conſumed the firſt by the inflammation, 
leaving more room by its diminution, diminiſhes in pro- 
portion the propelling powers of what remains ſtill to be 
inflamed. 
The very * difference between the actor * 
of the two compounds is illuſtrated by what happens 
after their inflammation. The compound of inflammable 
with common or dephlogiſticated air, is very much re- 
duced in bulk after inflammation. I found this by the 
following experiment: I fired a braſs inflammable air 
piſtol (made by Mr. NAIRNE according to my directions) 
-which had a piſton in the cylinder, by which a proper 
7 quantity 
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exploſion. This compariſon. is very inadequate; for in 
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quantity of reſpirable and inflammable air was drawn! in. 
Ihad rammed i into the barrel, adapted to it, a leaden bullet 
wrapped up in a piece of leather ſo ſtrongly that I did 
not expect the reſiſtance could be overcome by the ex- 
ploſion. I fired it by an electrical ſpark; the mne 


tion took place, the piſtol grew hot, the ball Was not 


propelled, and the piſton was driven more than half 
way down. the cylinder by the preſſure of the atmo- 
ſphere acting upon it when the exploſive air was con- 
ſumed by the inflammation. 8 

The caſe is quite different in the Grieg of dap 

as there remains after its inflammation a maſs of air 
which occupies about 250 times the former bulk, ac- 
coding to Mr. ROBIN. 

As, in the foregoing experiment, the compound of 
inflammable and common air was reduord above the 
half of its former bulk, it ſeems. more than probable, 
that the quantity of dephlogiſticated and inflammable air 
extricated in the firing of gunpowder muſt alſo un- 
dergo a ſimilar diminution by its inflammation; ſo, that 
when there remains a maſs of air, 250 times the bulk of 
the gunpowder, the quantity of air extricated from the 
powder muſt have been in reality not lets than 500 
times the bulk of the powder, which agrees nearly with 
the calculation of Mr. JOHN BERNOUILLI. Let us now 
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ſee how far this computation agrees with the wide of 
gunpowder. Abbe FONTANA, ſo advantageotiſly known 
by his important diſcoveries'in natural philoſophy, more 
eſpecially by thoſe he has made on the various kinds of 
air, favoured me with the following reſult of his experi- 
ments. An ounce of nitre, expoſed to a great degree of 
heat for the purpoſe of extracting its air in the uſual 
way, yielded about 800 cubic inches of dephlogiſticated 
air. An ounce of charcoal, treated in the fame way, 
gave about 1 5 o cubic inches of air, partly fixed, partly 
inflammable, mixed with ſome common air. 

Let us now calculate (without, however, being too 
ſcrupulous about the accuracy of the reſult) what quan- 
tity of elaſtic permanent fluid a cubic inch of folid 
gunpowder will give in the moment of deflagration: a 
cubic inch of ſolid gunpowder | contains in weight 442 
grains (which is 38 grains ſhort of an ounce Troy 
weight) of which 331! grains is nitre, 5 5 3 charcoal 
and as much ſulphur (ſuppoſing the proportion of the 
ingredients of the powder to be ſix parts of nitre to one 
of charcoal and one of ſulphur); 331. grains of nitre 
will give about 552 cubic inches of dephlogiſticated air; 
553 grains of charcoal will produce about 17 cubic 
inches. of air, chiefly inflammable, according to the 


calculation of Abbe FONTANA. 
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By this calculation, which will, perhaps, be found 
more accurate than the former, one cubic inch of ſolid 
gnpowder will yield above 569 cubic inches of per- 
manent elaſtic fluid: I ſay, above .569 cubic inches, for 
do not put into the account the elaſtic fluid which is ge- 
nerated by the ſulphur, nor that which charcoal, con- 
ſumed by the inflammation of the gunpowder, yields 
above the quantity mentioned, which it gives when 
heated in a glaſs veſſel, by which it is by no means con- 
ſumed, an ounce loſing by this operation only 60 grains 
of its weight. , 

As this elaſtic fluid will increaſe to four times its bulk, 
it follows, that one cubic inch of ſolid gunpowder will 
extricate in the moment of exploſion above 227 6 cubic 
inches of elaſtic air. Which computation is not far from 
the reſult of my former calculation, and that of Mr. 
BERNOUILLI. | 

An accurate calculation of the expanſion of gunpowder 
would bea very difficult undertaking. The expanſion of the 
moiſture always contained in gunpowder, however dry, 
may alfo contribute its ſhare towards the amazing powers 
of this ingredient. Nitre contains from its nature a great 
Hare of water, which is neceſſary for the cryſtallization of 
it, and charcoal is always found to contain it. We know, 

1 | that 
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2000-tirmes the ſpaed d did m theiſtatèe of eld water. 

Tune. generut io of dephlogiſticated and in Hν,unulie 
air — ——— — 
this ingredĩent is ahnoſt the only one known, which de 
not want à free acceſs of 2 
fire; and- therefore it ma be aas de Hesh, dad d es, 
upbiy its own'ikin; 1 1 09 bee art e e 
Inis theory of gunpowder induces metoveriture anew 
_ oneof the pu fulminans;which conſiſts of three parte 
nitre, of two of fixed alkaline ſalt, and of one f ful hu 
Fhis powder much ſurpaſſes the force of gun oder it 
exploding, wih a very loud report, in the open air whit 
it is heated to a certain degree. It is oο nl fad, vat 
in the heating of this poder the ſulphur eins v lh the 
kaline ſalt and coriſtitutes an chu ul pburur o brich rim 
up in bubbles confines the air contained in them, which 
air at laſt becomes ſo powerfully expanded that it over 
comes and breaks through the reſiſtancb bf the coercive 
bubbles of the bepar ſulpburit, with alb the force of ity 
elaſticity; which ſudden emerſion muſt naturally occa- 
ſion a proportional ſound. But I think; that the nitre 

contained in this powder, being heated, yields its de phlo- 
giſticated air when the melting ſulphur yields inflam- 


mable air; at the ſame time the ſulphur conſtitutes 
with 


new zien Ar or 44 te. 
zi the alkaline ſalt, an bepar ſulpburii, which riſing in 
yagh bubbles confines this exploſive air generated. 
jt len gth, however, the increafing heat, which ſets fire 
pthe ſulphur, ſets this exploſive air on fire alſo; which 
hen following its own nature explodes with ſo much 
he more force from its having been entangled and con- 


ed within the bubbles of the bepar /ulpburis. 


After what has already been ſaid, it will not be diffi- 
lt to explain, why a ſingle ſpark of fire propagates the 
wpmbuſtion with great rapidity through the whole maſs 
W gunpowder, however great. If we put a ſingle 
in of gunpowder upon a red-hot iron, we ſee the par- 
lies of red-hot.charcoal projected with great rapidity in 
hery direction by the forcible exploſion of the two airs 
ltricated in the manner before explained. Thus, if 
de or more grains, among a heap of others, are ſet fire 
the particles of red-hot charcoal being driven with great 
lence againſt the ſurrounding grains communicate 


Weir heat to all the particles of charcoal they hit, which 


uticles, by heating the particles of nitre in cloſe contact 
ith them, extricate their dephlogiſticated air at the ſame 


ne that the charcoal yields its inflammable air; in con- 
uuence of which a more powerful exploſion happens. 
his ſecondary exploſion projects with a much greater 


1 


ace the particles of charcoal ſurrounded by the exploſive 
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flatne or the two airs; and thus the confla gration read 
with a very great velocity through the whole maſs, though 
always by ſucceſſion. The quicknels of this propagation 
of fire depends in a great meaſure upon the intervals or 
interſtices which remain among the grains of gunpow- 
der, through which the particles of heated charcoal 
are driven in every direction, together with the flame of 


© lic. 


n 


the two airs. Hence gunpowder reduced into impalpable 
powder, arid rammed into a ſquih, does not inflame with 
an exploſion, but burns ſlowly farther and farther till 
the combuſtion reaches the extremity of the ſquib, where 
it meets a maſs of gunpowder in grains, when imme- 
diately a loud exploſion iſſues, by which the {quid is 


1 


ſhattered into rags. Hence the fize of the grains of gun- . 
powder muſt be proportionate to the ſize of the fire | 
arms to which it is deſtined, the greateſt. fire arms re- 1 
In 


quiring in general grains of the largeſt ſize. 

If this wonderful and awful ingredient had not been 
diſcovered by accident, could the ſecret have eſcaped a 
long while the penetration of our modern philoſophers 
who have found out the way of combining the air of the 
two conſtituents after they had extricated them, without -- 
any regard to the known properties of gun powder? No- 
thing more was to be done than combining the two ſub- 
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Arat mi on boot: 
1 the, oregoing P aper L 1 attempted to give a ; compa- 
native view of of the exploſive force of gunpowder andi in- 
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flammable exploſive air, which latter I had found to be 
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o far ſhort of the exploſive force of gunpowder as not 
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to CONCELVE, any well grounded hope that it could ever 


become. a ſabſtitute to this i in gedient. 
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phil logilticated ; air combined with that inflammable: air, 
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a inſtant. 
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] muſt acknowledge, t that I had but t ſmall expectations 
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mon air 1s leſs | briſk in taking fire, and leſs powerful in 

exploding, than inflammable air extr acted from the vi- 

tnolic or marine acid, I thought that the ſame æther air 

combined | with very pure dephlogiſticated air would alſo 


h h 2 | be 
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Att that. timel } had not yet t tried the effect of very pure | 


into which I had | fgund that vitriolic #ther i is changed ir in 


from the ce of theſe two airs combined; for as I had 
rays. obſerved, that ther air combined with com- 
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be less powerful than common inflammable air from 
metals. But how far experience contradicted this theo. 
reticab analogy will be ſeen in the following lines. 

Abbé voNrANA was ſo good as to aſſiſt me in this 
purſuit. Having produced a good quantity of pure de- 
phlogiſticated air from red precipitate by heat, we firſt 
filled a ſtrong two-ounce phial (the orifice of which was 
ſo wide that it could ſcarce be covered with the thumb, 
ſo that the bottle was almoſt cylindrical) with. this air, 
in the uſual manner, by filling it firſt with water, invert- 
ing it, and letting the air riſe in it; which being done, 
we dropped one drop of æther (in which a ſmall quan- 
tity of camphire was diffolved) into it, and ſhut it immme- 
diately with the thumb. After having given it ſome 
concuſſions, the orifice was applied to the flame of a 
candle, by withdrawing the thumb when the orifice was 
cloſe to the flame: the air inſtantly took fire, and ex- 
ploded with ſuch a ſtrong report, that, if the phial had 
not been very ftout, it would moſt probably have been 
ſhattered into pieces, notwithſtanding its wide- orifice. 
We repeated the ſame experiment with the ſame ſucceſs. 
I was the more aftoniſhed_at the uncommen loud 
report (conſidering the wide orifice of the phial), 
becauſe, having often tried zther air in the ſame way 
with common air, I never found it explode with. any 
con- 
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fiderable degree fof force; and therefore 1 found it 
eſſary, in order to procure a loud report, to kindle it 
an electrical ſpark directed through the piſtol, when 
orifice was ſhut up by a cork, the reſiſtance of which 
i the chief cauſe of the report. 
This wonderful effect in an open veſſel could not fail 
f giving me a good expectation of a very powerful ef- 
kt, if this compound air was ſhut up in an air piſtol by 
cork ſqueezed into its orifice. As it had been now kin- 
led twice by the flame of a candle, I wanted to kindle it 
the ſame means in an air piſtol; for this purpoſe we 
billed a ſmall hole in the ſide of the piſtol, which was 
nde of tin, and contained about nine cubic inches of 
e. We filled it with dephlogiſticated air in the ſame 
anner as we had filled the phial by means of water; 
ad after having poured into it one drop of ther by 
deans of a glaſs tube (in the manner above deſcribed), . 
e ſhut the orifice by thruſting a cork into it, and kept a 
nger applied to the touch-hole which was drilled in the 
ide of the piſtol. To avoid accidents if the piſtol ſhould 
urſt,, we thought it prudent to ſqueeze the cork very 
ently into the orifice, ſo that the reſiſtance ſhould be very 
noderate. Abbé roNTANA wrapped a towel round 
de piſtol for ſecurity's ſake, leaving only the touch- 
ole uncovered; which being brought near the flame 
of 
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much hurt by It. The cork, which, was a very found 
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one, flew to pieces againſt the wall; and the Abbe felt 
fuc 2 conſiderable ſhock in his hands, that he did not 
think it ſafe to repeat the experiment, unleſs gl ſtronger 


piſtol could be procured. 


| Encouraged by ſuch uncommon. and unexpected el 
fects, I went immediately to Mr. NAIRNE to Inquire, 
whether he ſtill had in his poſſeſſion a ſtrong braſs air 
piſtol, which he had made laſt ſummer according t to my 
direction? I was lucky enough to find it: nothing was to 
be done to it but to drill a touch-hole in the left ſide of 
it, in order to kindle it by a flame if required. This 
touch-hole was to be Mut up by a braſs male ſcrew fitted 
exactly to it, when the piſtol x was intended to be fired by 
an electrical ſpark. 

The air box of this piſtol was q linder four inches 
long and two inches i in diameter. The fore Part of the 
air box to which the piſto] barrel fitted to receive a leaden 
ball or a cork, was fixed, had a broad ſhoulder, which was 
faſtened to the body of the air box by ſix ſtrong braß 
ſcrews, which never had been looſened by former explo- 
ſions. A leaden bullet, wrapped up in leather, was forci- 
bly rammed into the piſtol barrel as far as the ſcrew, which 

joins 
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new inflinomable Air or Taft, c. 41 
zins the barre] with the air box (as may be ſeen in the 
figure). The piſtol was filled with pure dephlogiſticated air 
(which was drawn-in by the piſton from an elaſtic gum 
bottle), and one drop of æther being poured into it, the 
ir within was kindled by an electrical ſpark directed 
through it. The air took fire: the exploſion was as loud 
8; that of a common muſket, and the force ſo great, that 
the whole fore part of the air box with the piſtol barrel 
flew off, all the fix ſcrews were broke, and the ſtrong and 
wugh metal of which they were made was rent. Three 
long braſs ſcrews, by which the bottom of the air box 
was fixed to the wooden handle, were looſened, and the 
whole frame of the piſtol was out of order. The ſub- 
ſtance of the air barrel, where it was tore, was of the 


thickneſs of about a half crown piece. 
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Being now convinced, that thou gh inflammable air 
from metals with dephlogiſticated or common air, is far 
inferior to the force of gunpowder, the exploſive force. 
of the compound of dephlogiſticated and æther air ap- 
proaches it much nearer, I thought it worth while to fit 
the piſtol up in ſuch a manner as to be out of all danger 
of burſting. For this purpoſe 1 deſired Mr. NAIRNE to 
adapt, and ſolder to the fore part of the air box, a hollow 
cone of braſs, the extremity of which ſhould terminate 
in the gun barrel. 


As 
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As the piſton could not reach to the extremity of this 

conical hollow (which conſequently muſt be alway 
filled with common air), I defired him to fix to the piſton 
an ivory cone, through which the two wires would paſ 
to meet one another at the ſurface of the cone, leaving 
an interſtice between them of about one line, through 
which the electrical ſpark ſhould leap and ſet fire to the 

ir. This ivory cone ſhutting up exactly the whole ca- 
vity of the air box, no air could come into it but what 
was drawn in by the piſton. 

The piſtol, thus fitted up anſwered tolerably well, 
The figure joined to it will ſerve to give a better idea of 
the whole contrivance than could be well explained by 
words. The ſcale is in the proportion of one third of 
the real ſize. 
| The cone, inſtead of 1 ivory, may be made of ſolid 
glaſs, which is a better non - conductor than ivory. Theca- 
nals in the ivory, through which the two wires paſs, may 
be made wide enough to contain a glaſs tube, through 
which the wires paſs; or to be filled with a non-condud- 
ing cement, as ſealing wax, for the ſame purpoſe. The 
cone may even be made of braſs, provided two glaf 
tubes are lodged in it, to give a paſſage to the two wires. 

I kindle this piſtol ſometimes by putting in the touch- 
hole a little bit of a cotton thread ſoaked in moiſt gun- 

powder 
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Wt me rotich Hole mult be kept upwards, if the pitti 
Wioadetl with iftflammable © air from metals, N becauſe this 
ur beitig Hghter tan comtmon air, will rife Of of the 
pole atid taect the flame. The contriry tuft be done 
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when æther air is employed, it being heavier than com- 
won air, Abd thus diſpoſed to deſcend and fall upon the 
mme Ke gt Uider . OI nenn 1% 3t 01 3 400 ag 501 
To Hi this piltol with any air, I commonly firſt furan 


daſtic gurti bottle with it, the orifice of Which i is juſt big 


enough to receive that part of the gun barrel Which! is 
fixed to the air box! Hus, by ſqueezing between my feet 
the elaſtie bm bottle, I draw i in at the ſame time the air 
W _— the piſton. A bladder is alſo very fit for 
this purpoſe, and has the advantage above an elaſtic gum 
wit ki FRE requiring to be ſqueezed t to draw the air out 
n. for 

Alt air from metals will riſe in the piſtol of 
«ſelf, WIEN its orifice 3 is f Kepe upon the bottle containing 
it. 1 
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If the piſtol is deſtined to be always kindled by the 
flame: of a candle or a match, as I have deſcribed, it 
would be better to-have no piſton to it, as it may then be 
filled by the means of water, and the exploſive force will 
be ſo much the greater, as ſome of the flame makes eaſily 
its way over the leather of the piſton, and ruſhes out 
backward, which, 1 find, is often the cafe, if the bulletis 
rammed in the barrel ſomewhat too tightly. 

It would, perhaps, not be an eaſy undertaking to give 
aſatisfa&tory reaſon, why a drop of zther communicates 
to dephlogiſticated air a much ftronger exploſive force 
than common inflammable air from metals. May it not 
be ſaid, that common inflammable air from metals, hay- 
ing only about one fifth of the ſpecific gravity of the 
dephlogiſticated air, the two fluids do not penetrate one 
another ſo readily and fo intimately as the compound of 
dephlogiſticated and ther air, which are both nearly 
of the ſame fpecific gravity, each being ſomewhat 
heavier than common air? for it ſeems not improbable, 
that the ſwiftneſs with which the flame is propagated 
through the maſs of this compound air, depends parti 


on the intimate mixture of the phlogiſton with the de- 
phlogiſticated air. Might not this phenomenon be al- 
cribed to the greater bulk of inflammable air from me- 
tals compared with the ſmall compals which one ſingle 
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ap of ther occupies, which laſt ingredient, when 
pure, ſees to be an eſſence of the inflammable princi- 
ple of the ſpirit of wine, a pure phlogiſton concentrated 


metals ſeems to be rather a compound of phlogiſton and 
ſome kind of elaſtic permanent fluid than a pure inflam- 
mable fluid; for this air, after having loſt all its inflam- 
mability, by being kept a long while upon water, occu- 
pies ſtill a confiderable ſpace, and is then become phlo- 
giſticated air; that is to ſay, fuch an air as is not to be di- 
niniſhed by nitrous air, or to be inflamed. 
M Though I have no reaſon to alter my former aſſertion, 


that the force of gunpowder is proportionable to the ſud- 


den extrication of a great quantity of the elaſtic fluid 
Wl generated in the moment of conflagration, and the ex- 
MW panſion of this fluid by heat, communicated to it in the 


MW fame moment of its extrication; and that the force of in- 


0 flammable exploſive air can only be proportionable to the 
ſudden expanſion by heat in the moment of the inflam- 
nation (for no new extrication here takes place); yet 1 
did not conſider enough in the account the ſudden- 

neſs of this expanſion, which may make a conſiderable 


d fference in the force of the exploſion. And indeed 


the abovementioned experiments ſeem to demonſtrate, 


wat the inflammation of the compound of pure dephlo- 
| I 13 2 giſticated 


inthe form of a liquid? Indeed the inflammable air from 


a6 Dr. INGENHOUSZ's Arcount of @ 
giſticated and Ether air ſpreads with ſuch a velocity 
through the whole maſs as to be almoſt inſtantaneous. 


pends upon the velocity with which a body is endowed 


force of a body, muſt be computed by multiplying the 
quantity of matter into the velocity with which it moves, 
Thus, if this new compound of dephlogiſticated and 
æther air expands with ten times greater velocity than 
any other inflammable exploſive air, its force will be 
about ten times greater. 

As it ſeems to be probable, From: what is already 
ſaid that this compound of exploſive air may be put to 
more uſes than that of an-amuſing experiment, I think 
it worth while for men engaged in this branch of natural 
philoſophy to look out for a method of producing at 
pleafure any quantity of dephlogiſticated air required. 
Conſidering the rapid progreſs which is daily made on 
the important ſubject of air, I cannot but flatter myſelf, 
that this great diſcovery is not far off. The benefit 
which would ariſe from ſuch a diſcovery for animal life 
muſt encourage every philoſopher to purſue this object. 
Indeed, if we confider that nitre contains this wonderful 
aerial fluid in a moſt concentrated ſtate, and that the ni- 


trous acid ſeems to be nothing elſe but this beneficial 
fluid 


It is well known, that mechanical power chiefly de- 


in the inſtant of exerting it; or that the nomentum, or 
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id combined with phlogiſton, which ſeems to be im- 
ybed by the vegetable 8 when the acid is expelled 
y heat in the form of this air; that this beneficial aerial 
fluid exiſts alſo, in a moſt concentrated ſtate, in bodies al- 
noſt every where to be found, as are calces of metal, 
nincipally that of iron; that common water contains it 
in great abundance, fo that the light and warmth of the 
ſin extracts it to one fifteenth of the bulk of the water, li 
2s Dr. PKIESTLEY found, that even the maſs of our at- 
Imoſphere is nothing elſe. but this very air ſoiled with 
impurities. If we conſider, I fay, all this, is it not rea- 
fnable to hope, that we are near the important inſtant 
when this ſalubrious aerial fluid will be procured for 
many uſeful purpoſes in a ſufficient quantity, either by 
the diſcovery of a ready way to let looſe this air from 
the bodies in which it is as it were impriſoned, or by fil- 
_ or nn air trom its impurities? 
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ag the piſtol barrel. | 

B the large cylinder or air box. 

the place where the piſtol barrel unſcrews from the- 
air box. | 

C the piſtol handle. 
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:D the handle fixed to the piſton at Y, which anche | 
prevent the piſtons turning round: : 
x the Hole in the fide of the air box. and $1 1 
the ſcrew to ſtop the ſaid hole. 4 
a piece of brafs with a female ſcrew, which was fs 
with three ſtrong ſcrews to the wooden handle. 
Fa ſcrew at the end of the air box which SR. into 
the piece vg. | | 
c a piece of ivory fixed to e pilon 
k the piſton, with the piece of conical ivory fixed toi it. 
L. the termination of — cong-whicts filled up the 


«. 


ſmall end of tlie air box: — Fen 

v the perforation in the wooden handle, cadets which 
the braſs handle v paſſes. - 

N a brafs ball at he end of a wit nach paſſes down 


_— 


the canal x in tie ivory cn 223 


o another piece of wire pa 05 
canals are filled with N ſubſtance. 
an interſtice between the two wires of about one line, 
through which the electrical ſpark, when given on 
the ball N, paſſes and ſets fre to the inflammable 
air in the air box. 5 
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. The Fn of "_ new Micrometers. By 
22 "Ramen, Optician; communicated 2 3 
! 0. F. * 8. 


Read March 25, 1779. 


HEN: 1 of a new micrometer” 
to the learned members of the Royal Society, I. 
& not flatter myſelf. that mere novelty will entitle it to 
their patronage. Senſible how much the theory of aſtro- 
omy is limited by the imperfection of inſtruments, I 
dways incline. to improve rather than invent, except 
#hen repeated examinations convince me, that the im 
waer! n nne as well as in the 
eonſti uction. 5 g 
In conſidering n . an . — 
that with the micrometer, which depends on moveable 
parallel wires, he cannot meaſure any diameter of a pla- 
net, except that which is at right angles to the direction 


of its apparent motion, he cannot withhold his pre- 
terence to that conſtruction which meafares the angle 


by the ſeparatien of the images. It appeared therefore 
to 
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420 Mr. RAMSDEN'S\Dejtription, of 
to me a matter of ſome” importance, to inveſtigate the 
cauſes of the uncertainty which has been found in the 
obſervations. made. with the- -micrometer With a divided 
object- glaſs. The reſult of my examination convinced 
me, that were it poffible to execute the conſtruction o 
that micrometer, with the degree of accuracy required, 
it muſt ſtill be — to um from its prin- 


ciple. | Ker t ak bank : 
By the poſition of the micrometer every error of its 


glaſs is magnified by the teleſcope; and if each ſurface 
of the micrometer glaſs has not, in every part, preciſely 
the ſame radius (which opticians muſt allow to be ex- 
ceedingly difficult) there will be a conſiderable error in 
the angle to be meaſured, and the eye applied to the dif- 
ferent parts of che pencil will, wirhout moving the mi- 
crometer, ſee the images of the object in the teleſcope 
fluctuating, ſometimes appearing to til and ane 
times to ſeparate from each other. | 
But ſuppoſing the Slaſs itſelf to be 8 in its ſub- 
ſtance and in its curvature, there will yet remain imper- 
fections which ariſe from its principle. A micrometer glaſs 
applied to a teleſcope cauſes a very conſiderable abberra- 
tion. If the focus of the glaſs'is poſitive, the extreme 
aberration will be within the geometrical focus; if nega- 
tive, it will be beyond it:- and the aberration not only 

| affects 


55 


> Wii new aer : 421 
Fes the dete of the image," but alſo the my 
peaſured by the micrometer. -_ S | 
- At the time I took up this ſubject, the divided 4 6bjeR- 
gas mirrometer was the only one which meafured an- 
ges by the ſeparation of two images. Since that time, a 
rery ingenious: application of the priſin to this purpoſe 
has beef iriverited by the rev. Dr. MASKELYNE, Aſtrono- 
mer Royal; and Although experience has not yet aſcer- 
itz ined the tent bf its merit; it will always deſerve great 
conſideration from ir ingenanty; but the more I conſi- 
tered the ſubject, I became more fully convinced, that 
x-| the principle of reflection applied to micrometers would 
in have great advantages over thoſe hitherto conſtructed on 
f-Y me principle of refraction; and the catoptric micrometer 
-Y 1 have the honour: to deſcribe, beſides the advantage it 
derives from the principle of reflection, of not being diſ- 
turbed by-the heterogeniety of light, avoids every defect 
of other micrometers, and can have no aberration, nor 
>| any defect which ariſes from the imperfection of mate- 
-ftials, or of execution, as the extreme ſimplicity of ãts 
conſtruction requires no additional mirrors or glaſſes to 
thoſe required for che teleſcope: and the ſeparation of the 
image being effected by the inclination of the two ſpe- 
da and fiot n on the dae 11 10 lens or mir- 
Vox. LXIX. KKR e Fanor 


33 Mr. havens Deſerites 0 * 
rer, Ally 9 in the qe of. anrobferver: cannot 
affect the angle meaſu rel.. Air d e N 

It has, peculiar to itſelf, the 8 an hat. 
ment to make the images coincide in a direction perpen- 
dicular to that of their motion ʒ and alſo of meaſuring the 

meter of a planet on both ſides the, zero, which will 
r no inconſiderable advantage. to obſervers. who 
know, how much eaſier. it is to aſcertain the contact of 
the external edges, of o images chan their perfect coin- 
cidence. & ſhort explanation of the annexed drawings 
will, —— arne. 

nnen en new rim fag Rey?! 
I divided — of nne steepe 
of CASSEGRAIN'S conſtruction, into two equal parts, by a 
plane acroſs. its,center; and by, inclining the halves of the 
culum to each other on an axis at right angles to the 
plane that ſeparated them, I obtained two diſtin images 
| The ſatis faction I received on the firſt trial was checked 
by the apparent impoffibility of reducing this principle 
to practice. The angular ſeparation of the two images 
in this caſe being half the angular inclination of the two 
ſpecula, it required an index of an unmanageable length, 
to allow the quantity of one ſecond of a degree to be- 
come viſible. Some time ' afterwards, on reviſing the 
principle, I conſidered, that if both the halves of the mir- 
4 ror 
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r nd ee, 1 


— nn 1 f.cyrvatiire; 17 10 bs there could be 
bd cis incdintion. cad. oth 


2 their — center and that amy extent uf 
inte en tract fing die center of motion 
at 2 pro portional diſtance from the common. center of 

brrutüre- This will ater underſtood from the an- | 
ct hi: cal e len G 1 1 
8 0 Nene a mall 0 divided i itito 
wo equit parte; ohe of which is fixed on the end of the 
maß dhe other end of the arm is fixed on a ſteel axis x, 
wich croſles the end of the teleſcope o. The other half 
be insbe- is fixed on the arm D, which arm at the 
oer end terminates in u ſocket y, that turns on the axis, 
x; both arms are prevented bending by the braces @. 
6 repreſents a double ſcrew, having one part e cut into 
wuble the number of threads in an inch to that of the 
pat g: ide part e heving 2 O00 threads in one inch, and 
the part g 50 only. The ſerew e works in a nut? in the 
ile of the teleſcope, whille the part g turns in a nut u, 


EL el ne YU. ie 


which is attached e the arm B; the ends of the arms 
he thirtors are fixed, are ſeparated 


from each other by the ipoint of che double ſerew preſ- 


fins 401 


log agaihft the ſtud i, fixed. to the arm D. and turning in 
the iet R- bt wie Win . The two arms B; and p are 


preffec agaitiſt the direction of dhe double ſctew egg by 
K k k 2 a ſpiral 
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Ae Arie hint the hart 28 y ee eee 
nde Bs y fürchte Ulis ad ine Saicncad 
From the differtnee of the chreuds on -the ure N 
ad it is evident, that the prog reſſiv metidn / of. me 
ſcrew through the nut wilt be half che diſtande of the 
ſeparation of the two halves of the mirror, and conſe- 
| quently the half mirrors will be moved equally in con- 
trary directions from the axis of the teleſenpe e 
The wheel v fixed on the end of the double ſcrew has 
its circumference divided into 100 equal parts, and num- 
Heres at every fifth nden ie en eee 


N its axis, while the: id * eee * the 
ſcrew is ſhewn by the diviſions on the ſame index. The 
ſteel ſcrew R may be turned by the key s, and ſerves to 
meline the ſmall mirror at right angles to the direction 
of its motion. By turning the finger head 7(fig- 20 the 
eye tube » is brought nearer or farther from the ſmall 
mirror, to adjuſt the teleſcope to diſtinct viſion ;/ and the 
teleſcope itſelf hath a motion round i its axis for the conve- 
| 2 meaſuring the diameter of a planet in any direc · 
The inclination of the diameter meaſured with the 
2D ſhewn in degrees and minutes by a level and ver- 


nier on a graduated e at the en of the teleſcope· 
1 The 


LI 
18 The weed of aqjufting and e the catoptric mi- 
4 cbweter is too obvious to require afty explanation: it is 
| Weary neceffiry” to obferve tllat, befides the table for r&. 
P 
s 


tucing the revolutions and parts of the ſcrew to minutes, 
keonds, N. it may require à table for correcting a very 
mall error vhich ariſes from the excentric motion of the | 
ulf mirrors. By this motion their centers of curvature 
will (when the angle to be meafured is large) approach a 
ile towards the large mirror; the equation for this pur- 
poſe in ſmall angles is inſenſible, but when angles to be 
meaſured exceed ten minutes, it ſhould not be neglected. 
Or, the angle meaſured may be corrected by diminiſhing 
it in the proportion the verſed fine of the angle mea- 
ſured, ſuppoſing 8 che excentricity radius, AN to o the focal 
kngth of the ſmall mirror. 
The teleſcope to which the catoptric micrometer is 
apphed is of the CASSEGRAIN conftruQion./'' The great 
Ipeculum is about twenty-two inches focus; and bears an 
perture of 578 inches, which is conderably larger than 
boſe of the ſame focal length are generally made: in- 
l, the apparent utility of this micrometer makes me 
iſh to ſee the reflecting teleſcope meet with further 
uprovements. I believe it would more tend to the ad- 
ancement of the art of working mirrors, if writers on 


lis ſubject, inſtead of giving us their methods of workin g 
ima- 
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of curves for v mirrors which: alone —— 
Neu iuages of abjefts perfect — 
are har val pat be morg ꝑſeful in. rage, af wha 
i ula might be made, that the.aberrati 

by ene mirror may be corrected by tha oof the ather,. Uf 
mathematicians aſſume data which really exiſt, they muſ 
ſee, that when the two ſpecula of a reflecting teleſcaꝑe 
are parabolas, they cauſe a very conſiderable aberration 
nnn ſay, the foeus of the extreme 
rays is longer than thoſe of the middle ane. If the larg 
ſpeculum is a parabola, the {malkone ought to be an d 
lipſe; but when the ſmall ſpeculum is ſpherical, v ci 
is generally the caſe in practice, if.concave, the figure of 
the large ſpeculum ought to be an hyperbola; if conve 


the large ſpeculum ought to n un 
leſcope from aberration. 2 La 


M 


1A 


This will be cafier underſtood. by attendin den 
ſitions of the firſt and ſecond images; when a curyoas 
ſuch form that lines drawn from each image, and me Ne 
ing in any part of the curve, make equal ge wid 1 
tangent to che curve at that point, it ee that wud 
curve Wall be free from aberration; . tr, at 
This is the er A We udn half 
and image are in the fame place; but when dann reced 
fro 
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n cath. cafbver, ef an Hips fuck. farm thatighe 
afianuaad:image arerincthe;twer fect till one diſtanee 
tecoming infinite the ellipſe changes unto, #PArAbalay | 
a to-authuperbola,when the focus, is,: Negative; that is 
ways ven actiected rays diverge, and the, focus is gn 
the appoſitei ſile gf the mixror. 2009230801, ile 
Theſe principles made me prefer CASSEGRAIN'S, con- 
fruction of the reflecting teleſcope to-gither the Grego- 
nan or NEWEQnIan., In the former, errors cauſed Aae 
ſerulum are diminiſhed by thoſe in the ther- 
From a property, f the reflecting teleſcope (which 
has not been. attended to) that the. apertures of the, two 
ich becula are, to each qther very nearly in the proportion 
e their focal lengths.it follows, that t their aberrations wall 


VP 2 = 
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be to each, other in the ſame proportion, and theſe aber- 
ntions arg in the fame directions if che two, ſpecula are 
both oncave; or in contrary directions, if one n 
concave, and the other convex. 

In the Gregorian conſtruction, both 3 a = 8 con- 
ave, the abeeration/at.the ſecond. image will be the ſum 
of the aberrations Af, the two mirrors; but in the CassE- 
GRAIN: conftruction,.one, mirror being concave, and the 
ber covex, the aberration, at the ſecond, image will 
aul e the differen e between their aberrations. By aſſuming 
ced eb proportions for the foci of the ſpecula as are gene- 
rot K k Kk 4 rally 


e —— 
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which would be ef Steir uwe tot? sent 75 5 
"4  Thhallcvnchude this paper adh the de@aiption ol 10 
| mieriirtieter Yaitedto' the privcifle of-r | 
ſenſible that both principles have tlitir 1 
tages. Though the former part f Mis paper proves m 
partiality to the principle of refledtivn-applieao'mi nicry 
meters, yet the very Eöurable 6 ifi 1 Have of then 
fractirrg teleſcope triade me attentivaly- confider ſome 
means of applyitiz à micrometer to it, which: might 
obviate the errors eee of in the. forrher. part o 
this paper. Lo eee lens a¹ Bit ul 
The application of any lerisor medium Detuden the: Jt 
ject glaſs and its focus muſt itie vitably de roy thediftind: | 
neſs of the image; I therefore have employed re nil 

crometer glaſs one of the eye glatfes tequilite/ in the co 
mon conſtruction of the teleſcope; ; butiFir hound be ſon yum 
neceflary to apply an additional ee glaſs for the cor m 
niency of ea WET F. at ils ti eby to © 
| = -* Aa 3 % dt % dirs WM 
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W e e face 
9 Lo cours pena abgroaion.of tha Gif 
9e glass to 1912okifs 57 ! 8 % Aff 
M mch rer is applied. to the erect eye tubo of a 
wang teleſcape, aud is placed in the conjugate focus 
ie ſirſt eye glaſ: hence ariſes its great fuperiority to the 
objec glaſs micrometex. It has been before obſerved; that 
if a micrometer is applied at the object glaſs, the imper- 
fe@tions of its glaſs are magnified by the whole power of 
the teleſcope; but in h poſition, the image being con- 
fiderably. magnified: before it comes to the micrometer, 
ay imperfection in its glaſs will be magnified omy by 
he remaining eye eee rene a 
exceeds five or ſix times. 
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ul not be wwe el part of the area which would be re- 
acquired if was placed gt the object glaſs; and, notwith- 
landing this great diſproportion of ſize, which is- of 
great moment ta the practical optician, the ſame extent 
Ir foale is e ved, and,; the images — 
night in wee nan of the field of the teleſcope. - 

Fig. Ach, repreſents the glaſſes of a 1 


cope; x y-the peine pencil of rays from the object 
glats 0; 74 and un the auis of two oblique pencils; a the 
irſt eye glaſs; yr its conjugate focus, or the place of the 


Fnicrometer ; 5 the ſecond eye glaſs, c the third, and d the 
VoL. LXIX. L II | fourth. 
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By this poſiti n e ——— 


12 We eyes l. lets h. 
_ diameter of the object glaſq e che diameter n 
n and V che diaruetet of che pentit at th TN Wievix 
dent, that the xivoF the pencu fromme wen pdf f be 
image will eroſs each other at the points, aft the 
width of the'micrometer ghſs is to ꝓ the diaet hof the 
—— as tu is to go, which'is the-propiiftjtn-of 
ying power at the Point nA thi'eemr 
. —— | 
at ur will be to the error, had the mitrbn " 
18 i to. 4p cog, th, Derg e 90 
Fig. 34, reprefeats che · mierometerp a 1 uxves 0 
cave lens divided into two equal parts — us 
its center; one of theſe ſemi-lenſes is fixed 

and the other in the frame x; which 
a plate u, and are preſſed againſt it by 
frames 'B and P moved . 


E, one at ut andthe other at. Mor * 
the zero. "he firſt di ' 0 KEW verniers coin- 
cides at the e tions with — to zero on the ſeale 1, 
{> 900099 2113 4 7 Tings, 
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A . 
and, ———— towards therighe;therelative 
— two fratnes is W ſcale rbythe 
; ut if the frame 1 be moved towards theilefty- 
cee by the vernier NG! e 
This micrometer has a motion round the axis of vi- 
fan, for the conveniency of meaſuring the diameter of a 
planet, acc, in any direction, by turning an endleſs ſcrew 

, and the inclination of the : diameter meafured with the 

horizon is ſhewn on the circle g by a vernier on the 
plate v. The teleſcope may be adjuſted to diſtinct viſion 
by means of an adjuſting ſcrew, which. moves the whole 
eye tube with the micrometer nearer or farther 2 the 
object glaſs, as teleſcopes are generally made; o 1 and 


1 * 2 


effect may be produced in a better manner, without 
woring the micrometer, by ſliding g the part of the eye 
tobe mn on the part u by help of a ſcrew or pinion. The 
micrometer is made to take off occafionally from the eye 
ps that the teleſcope x may be viſe without kd 57105 


3: Di, fifty > 2D1 it TWICE) } Df. 7 > . 4111 14 


307 | t 54 to . Wi 3 5; | 


Llle 


IT 533 N 83 erer Sd 
De i 10 Ot Hoi ve on -: 191807 diu hatin 
rin ad: 10 lig di Fo DAS gere- i Dini lewis 
CCTCCCCTC ĩͤ "2crF BOY HG Wool 
F WErS" Tho gbts "OH PB SHMHBPH . 
"OP ar Leu Plhices.” n h. Teibeb N Ie "bg 
* Tontzmb, Bir ler of Hh Gubiritt of Neft inf Wh" 
longing to bis Rey at Egle Yo" GH Dutt of THe 
uz . Naßn weft „ LL. . N R n. 110A 


Dia v bc nc ed Dinner naitge 


5 02/2 311% entadifsoldt yinide ao bag 
banken to „n g ben lech 26513776 rl mi viids A 
. Ein gur gg eq on ht —— od : 


TAKE E the libert y.of ſending you unt of ſome 


"47 $499 A It DITIONS 


rents which. L made at Paris h the Tears 1777, 


2 1 - 4 . Phi oy 1 9 II Wriguß, 585 of 
ome of the R a] of hich thought pro 


nee : for 
might uſe. of ther, i 


LUKES) iT GY = N 
Ei 1 el Jar 


per to tranſc 5 at you 
18 77 n * LOA 
you nk. fe 196. uleful, and like viſe Hy, 


them 4 the Royal Society. 


AV 90 Hf t f age bns che g 


1 have extracted the air from the water 0 1 of a a well by 


FJ = 3 {1 TOLIT 
means of common fire. The water was then mad et 


bail 1 in a large mattraſs of tin, Which nad a long \rube.o 
the ſame metal, which being bent into two different di 


rections was with its extremity, immerged. in a tub of, 
cold water. The mattraſs and its tube were intireiy 


filled 


J. with tie 885 
seher Arme tight as Tavooliy 


. Sit 18 ent A CRE TOIINY: reatell in the Fine 900 — ier as 


8 above, was made to 
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nel with water i the air which came out of it bras re- 
aived inte three different veſſels. The air of the firſt 


why being ſhaken. in water, was dimigithed aH 

the Arten er. was Airginifhed.of half its, bulkyor 

— er of the third. veſſehas: digni- 
d exce aa a The n of air a eee 


bed ex- 
* wats, 


—— — 
A third time the air of the iter of a well, obtained 


paſs through mercury into a tube 
and it occaſioned a c fi af . 


lt fixed ar 2 7 ü 80 


Ie 


Ane 19 TUE 
of tartar, 


anointed wi 


oil 
on bon jut ike chat Wich the pure 
M RUN Ee 1 itnpres ER with t 


bis Aa 
— which abſorbed its o vn bulk 
© meatis acidilons, exactly 15 joe: x 
Nele This water turned the tincture! 
of turnſole red, and eeg f f ne he lich esd. l. 


pony 


1 Aa tech ane by theſe 


me in ime wa . 


züürd died, ef inſtantly ir In th "$7 032 tg 
"The water * of the river tk, heb throng dug 


6 ü 


ry 


the water of the Kl. e Air xt & from that ws 
er T Was half abſorbed by water, when ſhaken in it; the 
remainder, 
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rerinderb when Sremed, with he tei bus i alt; 
gave II. 4, U 4; when.the common at moſpheric air 
trgatggl vüth the ſame nitrous, air gave II IIA. K 
was therefore ſenſihly better than .the,atmoſpheric; air; 


which, during three. years ; of experiments-made.at Paris 
I have conſtantly found to be inferior to the air of the 


Seine water, extracted as abgca ee. 
Having repeated the experiment, 1 8 tair 
into two different receivers. The firſt of which, by be» 
ing ſhaken in water, was diminiſhed in the-preportion of 
ten to ſeven; and by the teſt of nitrous. air gave AI- 14 
III, III 1, en the common air gave III 2, —_ 
II 6. 71 * T It r Inuit +1 
The Gente een of air was pic mr _ pro- 
portion of three to one; and hen xa¹edd by the ti 
of nitrous air gave II, III. From wvhence it may 
be concluded, that the firſt air was better chan the atmo · 
ſpheric air; whereas the ſecond was worſe, and mixed 
with much fixed air... : II o I ai I tis 20 

Being in doubt whether the tin veſſel e in 
the experiment above mentioned might not alter the 
nature of the air, c. I made uſe of glaſs veſſels. Hav - 
ing therefore filled one of theſe veſſels, having a long 
neck bent in two directions, with the Seine Water, I 


(a) See p. 343. for an explanation of this meaſure, ; 
3 obtained 


——— N nen 45 [1 
anined Vene air WHICH" ſeEmed nut enfbly airinied 


when ſhaken in Water. Having introduced one meafure 
md 37 parts of tis air into the tube uſedl to try the d- 
ninurions; it gave with the" nitrous" air I. 1; 14 48, 
when the fame quantity of nitrous ard atmoſpheric alt 
gare III 26 HG: it is cherefore certain, that che air” 
extracted. from Seine water is purer than common air. 


from the ſame water, the air; one meaſure and 24 Parts 
which being introduced into the tube, &c. and ſhaken, 
ms rellutec to one meaſure 31 parts, that ĩs, one fifth 
of it was abſorbed. Treated with'the nitrous air it gave 
[-4, when equal meaſures of common and nitrous air 
gave IO: it was therefore better than common air. 

K third time T extracted the air, in the manner above 
mentioned; from the water of the r contained 

in three mattraſſes; this air was about one twenty-eghtt 
of me bulk of the water, and it gave with the teſt of ni- 
tous air II- 1 4, II-9, III- 9; when the common air 
mixed with nitrous air, as ufa gave II T4, II 8, 
ing. It is therefore clear, that the air extracted from 


the Seine water, by: the action of fire in glaſs veſfels, is 
much better than common air, or than the air which is 


tracted from the ſame Water when boiled in tin veſſels. 
| Another: 


Another time 1 extracted, in the fame manner, and: 
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and, doubly. bent neck, with Seing water. The Water 


weighed about three pounds. The air that dme out of 
it loſt a quarter of its bulk by being ſhaken i in water; and 


afterwards being tried with nitrous air it gave II- x6, 
11- 16, II- 16, When common and nitrous air gave 
1I-12, 11712. 

This experiment being repeated, e air was dimi- 
niſhed of one quarter by being ſhaken in water. One 
meaſure 16 parts of this air introduced into the mea- 
ſuring tube gave II- 32, II- 2, when common air and 
the nitrous gave II- 28, 1I+ 4. 

The water q Arqeuil at Paris is conſidered as very 
pure. 1 filled the tin veſſel above mentioned with it, and 
received the air that came out of it into three veſſels. 
Being ſhaken in water, the firſt of them was diminiſhed 
one fifth; the ſecond, three fourths; and the third 2 
by the operation in water. A light burned with a flame, 
more luminous than in common air, in the firſt air after 
it had been ſhaken in water. This air being tried with 
the nitrous air gave II- 10, II- 10, III- 10. The ſecond 
gave II- 10, II- 17, I 30, when common and nitrous 


9 „ 


was ſhaken in water, cryſtallized with the oil of tartar 
like fixed air. An equal bulk of it was abſorbed by 


air gave II- 2, II 14, III 14. The third air, before it . 


ere D uren, KHAO WPrers, Yah 
witer, Wikkeh By thi Whithte bécamel aνjjlöti; it pre- 
witited/the Lirrie in lime water, exthgtumed a Tight 6 
lethal times; ant Killed an animal inſtatiy. It is there. 
fire partly fi tec air, and partly air Which is not o 
better than common air; but Hkewiſe than that extracted 
Fom Seine water, even when this laſt has been baited 
in glaſs veſſels. EN NW ES: 
The experiments being repeated with the ſame water 
of Arqueil; but in glaſs veſſels, the air obtained, after 
deing ſhaken'in water, was much better than that ob- 
fined from the ſame matter, wah 8 in veſſels of 
tin, — E | | | LI 
have ald extracted the air from diſtilled water in 
glaſs veſſels, and having ſhaken one meaſure — - 32 parts 
of it it Pt it was reduced to one meaſure — 3 5 parts. 
With the teſt of nitrous air it gave I-6, when equal 
parts of common and nitrous air gave IL-2, which 
ſhitwed that it was better than common air. 
extracted the air again in the manner above de- 
ſcribed; but it was not ſenſibly diminiſhed when ſhaken 
in water. Two meaſures - 49 parts of it, with the teſt 
f nitrous air, gave I- 2, 1+8, when common air, 8c. 
pays I ES 1, 1418: It 18 therefore better than common air. 
T extracted the air from a great quantity of diſtilled 
ater in the uſual manner, and found that it did not ſen- 
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fibly « Kulla in water. With nitrous air it gave II-1 4 
I-2 55 117 2 55 when common and the ſame nitrous air 


gave II- 14, 1710, III. 10; conſequently it was de- 
phlogiſticated air, vis. purer than the air of the Seine 


and Arqueil, which are much better than common air. 
I had the curioſity to try, whether any difference would 
ariſe from boiling diſtilled water in a matraſs of tin in- 


ſtead of glaſs veſſels; and found, that the firſt air was di- 


miniſhed one tenth by being ſhaken in water, and after- 
wards with the nitrous air gave II-—I 3. U 16, I-18, 
when common air gave II- 12, 1I+8; which ſhews that 
it was dephlogiſticated air, but not ſo goods as that ex- 
tracted from the ſame water when boiled in glaſs veſſels. 
The ſecond quantity of air was not ſenſibly diminiſhed 
in water, and with nitrous air gave II-13, II- 20, 
III- 30; that is, it was more dephlogiſticated than the 

firſt. | 
The air extracted from diſtilled water is to that ex- 
tracted from the water of the river Seine as 13 to 32 
nearly; whence diſtilled water does not give more air 
than one ſixtieth of its bulk: but as the air extracted 
from the water of the Seine is half fixed air, it may be 
concluded, that the quantity of reſpirable air produced bf 
both kinds of waters is nearly the ſame, and that they onl! 
differ a „little 1 in purity. It is however true, that other & 
1 perimenÞ 


extraded from different Kinds of Waters. 43 9 
periments have ſhewn me that water in general abſorbs 


” & = © 'V 


air; for 4 10 + 1 chink, that the reſpirable air of 
Seine water is 'rather leſs than that of diſtilled water. 
Accordingly I have found, that Seine water, after it has 
been boiled for a long time, abſorbs in forty days about 
one fourteenth of its own bulk of dephlogiſticated air, 
when in the ſame length of time it does not abſorb more 
than one twenty-eighth of common air. This ſeems to 
be an experiment of very great conſequence, and is much 
worth notice; eſpecially as it diſcovers anew characteriſtic 
by which Quphlogifficated : air may be diſtinguiſhed from 
common air; and ſhews, that water abſorbs a greater 
quantity of thoſe kinds of air, which contain a leſs quan- 
tity of phlogiſton. 

It muſt however be obſerved, that it is impoſſible to 
determine exactly the quantity of air that is extracted 
from veſſels filled with water, by means of fire; becauſe 
a portion of the air is abſorbed by the water of the tub 
in the act of its coming forth. It will certainly be more 
exact to receive the air in veſſels immerſed in quickſil- 


ver; but then there are many other inconveniencies to 

encounter. 
It may be almoſt ſuperfluous to mention, that the 
above related experiments are very uſeful in explaining 
M ma m 2 the 
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the reaſon Why ſome kinds of water have a peculiar 
ſharp taſte more than others; and eſpecially why ſome 
of them precipitate the lime in lime water, rendering it 
a calcareous earth, and change the tincture of turnſole 
into a red colour, as I have generally experienced with 
the well waters at Paris. We may alſo explain from 
hence, why ſome kind of waters can diſſolve iron, and 
keep it in diffolation without depoſition; whereas other 
kinds of water are incapable of doing it, at leaſt do it 
much leſs than the pureſt diſtilled water. This is ſoon 
diſcovered by boiling the water, which will then depoſit 
the iron which before was diſſolved. * 

It will be ſufficient, for the preſent, to mention, that! 


have not only extracted from waters the different kinds 


of air they contained naturally, but have likewiſe made 
various experiments upon waters deprived of air, which, 
being expoſed, have again imbibed the atmoſpherical 
air, as I hinted above. I have determined the quantity 
and quality of thoſe airs. In general, I may ſay, that 
diſtilled water, deprived of air, imbibes again an equal 
quantity of air of the ſame kind as that it had loſt, and 


that in leſs than fifty days. Other kinds of water do the 


ſame, but with this difference, v/s. that the air they ab- 


ba 


forb, after being boiled, is better than that they have i 
loſt; and in this particular they come very near to the u 


nature of diſtilled water itſelf. 
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air held in receivers in contact with quickſilver, the air 
which remains unabſorbed is ſo much more phlogiſti- 
ated as a leſs quantity of it remains in the receiver. 
This experiment deſerves conſideration. 

By means of pure water, eſpecially diſtilled water, 
ommon air may be changed into dephlogiſticated air, 
that is, into air much more ſalubrious than the beſt com- 
mon air which we breathe; and this, for what I know, 


z the only means of meliorating common air: for all the 
Wrtificial methods (great numbers of which I have tried) 
have proved either uſeleſs or noxious, but never ſuch as 


promiſed to be of any great utility to human kind. 
Though I have long thought of applying thoſe expe- 

iments to ſome uſe for the purpoſes of life, the want of 

ime and a proper apparatus has hitherto hindered my 


doing any thing; I now begin to be in hopes I ſhall be 


able to do ſomething. In the mean time I think it of 


poſſeſſes the property of diminiſhing the noxious part of 
anted air, but has alſo the power, and that in a very 
ugh degree, of dephlogiſticating common air; which 
nuſt certainly be one of the methods by which nature 
iceps the atmoſphere in a ſtate conſtantly fit to ſupport 
Wimal life, it being certain, that the water in various 


circunaſtances 


extracted from different Nindt of Waters. | 441 
If the waters deprived of air are expoſed to:commuaony 


lome importance to have it known, that water not only 
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cireumſtantes ruſt loſe (either. a part-orthe whole of 
that air which it hath abſorbed:/from/the atmoſphere. 
lt may 'with ſome: reaſon be ſuſpected, that in my 
experiments of extracting the air from Water by the ac- 
tion of fire, the air might be con ſiderably altered by the 
vapour of the water itſelf. As this difficulty was of ſome 
force, T endeavoured to remove it in the following man- 
ner. I introduced into a tube, through water, a quantity 
of common air of known goodneſs, and 1 cauſed the 
Ream of water boiling in a matraſs, from which the air 
had been previouſly extracted, to paſs through it. The 
heat of the ſteam ſometimes made the water occupy 
above five times the ſpace it did when cold; yet the air 
10 treated was not at all altered by it, as appeared by the 
teſt of nitrous air. The event of the experiment, al 
though repeated various times, was conſtantly the ſame. 
I muſt obſerve, laſtly, that having once cauſed the al 
of boilins water to paſs into receivers filled with, and 
ſtanding in, quickfilver, I found that the air was bette 
than uſnal. I have obſerved the ſame thing when ] have 
cauſed the air to go through diſtilled water into receiver 
filled with it: which obſervation, if the event of the e 
periment is conſtantly the fame, induces me to belie\e 
that the air loſes ſome of its good properties by goint 
through water not very pure; or, which ſeems to“ 


rathel 


extra#iedfrom different Kinds of ers. 443 
nher more probable, that a quantity of air leſs good is, 
by the action of the vapours and the heat, extricated 
from that impure water, and is mixed with the air that 
comes out of the matraſs; from. whence this air is de- 
baſed. 

I muſt not omit: to mention a new character of equal 
importance with that which diſtinguiſhes the dephlo- 
giſticated from the common air. This new character has 
deen equally unknown, and deſerves the attention of 
philoſophers, becauſe at the ſame time it diſcovers a new 


ty 


property of the atmoſpherical air, which I ſhould never 
have ſuſpected if experience had not offered it to me. 
Ihave found, that common air ſhaken in water, inſtead 
of being diminiſhed is ſenſibly increaſed in its bulk. The 
increaſed ſpace is in proportion to the time the air is ſhaken: 
in water, and it begins to be ſenſible even from the begin- 
ning, that is, after a few ſeconds. This augmentation I 
have ſometimes brought to be one twelfth of the bulk of 
the air, and even more: it muſt, however, be confeſſed, 
that I met with great variety in the experiments of this 
kind made at different times. After that the bulk of the 
ar ſllaken in water is increaſed to a certain degree, it 
ten begins to decreaſe continually; and, in proportion 
to this decreaſe, the air becomes gradually leſs good. 
When the experiment is tried in cloſe veſſels, the dimi- 
nution 
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ther opportunity, te ſpeał of the laws ar vauſes of tho 
diminations-and augmentations, and thendlifferences ob- 
ſer ved thetween common and other Kinds of air; und 
when the experiments are tried in Water, . (ypy 
For the preſent I ſhall only mention, that if the dephlo- 
gi ſticated air be thaken in the tube, in the manner above 
mentioned, not only it does not increaſe its: balk; but it 
begins to diminiſh from the very beginning of the opel 
ration, and it continually loſes more and more of its 
bulk, and with its bulk of its pur it. 
This laſt mentioned property of the dephlogiſticatel 
air ſeems to ſhew, that this is a fluid tuch different 
from common air, becauſe it has its peduliar properties 
by which it differs from common air not frem more it 
le only, but entirely; as is hewi by the property this 
fluid has of being abſorbed by water; whereas/comniot 
air receives an increaſe of bulk and elaſticity by bein! 
ſhakew in water and DAG RET 
All that I nee been 2 above, in order to give alt 
idea of my method, and the words I uſe to expreſs the 
diminutions made by the mirture of nitrous air ane 
other kinds of reſpirable air, is not ſufficient to obtailt 
reſults conſtant and certain, ſo as to deduce any conſt- 
quences from them. Even after that all the elements are 
| | © corrected, 


aneglected by the moſt diligent obſervers, are avoided. 
(hich: cauſes ſenfibly alter this kind of experiments) it 
$abſohately neceſſary to follow always a conſtant and 
equal method, not only in the act of introducing the 
wious kinds uf air into the tube, but alſo after the mix- 

ng of the twoinds of air; The leaſt variation of cir- 

eumſtauces exaſes very great variations in the refults of 
the experiments, and theſe variations of circumſtances 

t ſo minute that I never {aw any of the perſons that 

|Moferved my experiments who could difcover them, al- 
though apprized of my deſign. The neglect alone of this 
miformity of operation may occaſion an error of from 20 
bgo parts and upwards in the experiment with common 
tir; but with dephlogiſticated air the error is incompa- 
greater, ſo much that the ſame quality of air a 
noment after may decompoſe even a double quantity of 
Mrous air; ſo that the pureſt common air would appear 
de noxious, and phlogiſticated air; and the dephlogiſti- 
an ed air would appear lefs good, and even noxious: for, 
nee teſt of nitrous air, it might appear little different 

nm a mixture dof mn and ä 
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-I fÞall 3 ** opportunity to ſpeak of all the 
areſÞiculars relative to my method; but for the preſent I 
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onlecſenttnd af: —— — — 
ſo that, after having made five; or ſſ , ſuctef - 
freely, the probable error is ſo ſmall thatũt may he ſaſely 
neglected. But, if one chaſe to operate upom ai quantity 
cf air nine or ten times greater than chat commonly 
aſe, the error could not bei Oooοth ꝙaxt af Sh quay- 
tity: of the air, which quantity would not he more than 
a few cubic inches. In the deſcription of wy 3ntcbodi 
ſhall alſo mention the means by which Lobt nit 
air of a nearly equal and conſtant geotnefs; and-in what 
manner 1 can refer my experiments :to-feme: confront 
ſtandard. For want of this method it ia that e aN ft 
certain of the obſervations. made abaut the falubzxity ot 
common ain in different places, and that um tables n 
changes have been made. bo yagi trig n 


Ihave not the leaſt hefitationimaſſerting at hrat cue 


periments made to aſuertain the ſalubrity of alte i 

ſpherical air in various places, in different countries a 
fituations, mentioned by feverat authors, are not ta þ 
depended upon; becauſe the method they uſed: was 
from being exact, the elements or ingredients for the 


periment were eee eee an the rela- 


very different from one another. iner eps 
1 X. Whe 


- 


err) Der,. agg 
ohpher ee ortlane eutrocted it! h 
wat % Ave hνim. en tre nir of ene country ah 
marofanhother u different times, is much leſs than what 
vH heHe vel, and! that the great differetierx 
won By various obſervers: ate wing tothe: fallatious 
feds ofiupeertiinitmethods, /- This Tadvince from ex- 
periencey for when I was in the ſarne error, I found very 
Feat differences between the reſults of the experiments 
this nature which ought to have been fimilar; which 
wverfifics 1 attributed to myſelf rather than to the me- 
1641-then-ufed.:: At Paris examined the air of dif- 
ferent plaves at the ſame time, and eſpecially of thoſe 
ed air, becauſe choſe places abounded with putrid 
Nb ſtan ces and impure exhalations;/ hut the differenees I 

Wieredd were very ſmall, and much lefs than what could 
are been ſuſpected, for they hardly arrived to one fif- 
Reh of the air in the tube. Having taken the air of the 
All called Mont Valerien at the height of about 530 
feet abovethe level: of Paris, and compared it with the 
ur df Paris taken: at the ſame time and treated alike g I 
ound the former to be hardly one thirtieth better than 
de latter. In London 1 have obſerved almoſt the ſame. 
ne air of Iſlington and that of London ſuffered, an 
8 diminution by the mixture of nitrous air; yet the 
Nnn2 air 
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a eee deemed rhe: epoch dbetter e156 1rhee 
examined the; a Oh ihigndon;: iakent rindidgiereant heightaz 
(ſez ipfaper; in qhesſtrect, ad the decoride Hogrpand atithe 
tap:of.the; adjoiningyboults) and) havecfountidit ta / he of 
the lame: quality.: Having taken the ain at the imm gu 
ler of St, Pans cupola at the height, of 3 gr:ftet abo 
the, ground, and likewiſe the air of the ſtone gallerg 
which is 20 2; feet helow the other; and having com- 
pared theſe two quantities of air with that of; the ſtrent 
adjoining I found, that there was ſcarce any ſenſible dif+ 
ference between them, although taken at: ſuch different 
heighee, itundg, Du ib mga? 242 2ihi ted 
In his experiment a eircuraſtance is to:hecontiterrd 
which muſt haye contributed to renden the above mem 
tioned. differences; mere ſenſible this ia, thecagitatiowof 
the air of; the; cupola, for there wasidelt hett brit 
_ wind--upen,.#;- which I obſerved ta be:rſtronger,cand 
ſtronger the higher I aſcended; [whereas inithe ſtreet, aui 
indeed in all the ſtreets bpaſſed through, there Was no few 
fable wind to be felt. This experiment as nnade at four 
in the afternoon, the Weather being clear. The quick 
ſilver in the barometer at that time was 28,6 inches 
high, and FAHRENBHEIT'S, thermometer ſtood at 54 
After having related all theſe circumſtances, it will beg 
neceſſary to give the mean reſult of all the various e 
periments 
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extaxtiiiilyremeiiffer entviiiodnof uteri. $44 
gnitiabritsamage n how bf ahοiν,Iuντν¾ẽũ loan 
weatecb aer th with the nitrous 48! e 
fithe eee, 461 the air of the Rote gal} 
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14; HB 5. The reſults of- the-two lafexperiments 
ceexattiyathefirne; and that of the firſt is hardly ut 
ibdifferentrfrbm them. Mr. GAVvALLe, who has ſhewti 
he literary world his ability in examining nature, af 
ſſted me in thoſe experiments, ſo that a- miſtake 
un hardly be ſuſpected. From this we clearly ſee, 
how! little the experiments hitherto publiſhed;/ hot 
e differences! of -; common air, are to be depended 
upon. In general I find, that the air changes: from one 
ume to another; to chat the differences between them 
acifar greater thangthoſe of the airs of: different count 
tnes, or different heights; for- inſtance, I have found that 
the air of London, in the months of , Septeraber,: Octo- 
den and Novernber, 175 $,-when/ treated with ther ni- 
as airy; gave, II- £14 13, Which is a mean reſuſt 
af many experiments which differed . very; little from 

ch other: The 26th day of November laſt, 1 found 
* air for the firſt time much better, for it gave 11-1 2, 

2; but the rath of February laſt, the air gave 
| | | ER Nit, | II- x8, 
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ad rere 
ram of February was beter thats 1 Lad Been 16r M i 
months hefore. There can be nodonbt ef the Hecunuy 
of the experiments, becatiſt I v ,HHaredthe Ar- takenn 
different tirnes with that which Had Hr Af wis 
month of September, and ieh I had preferved I rf 
glaſs bottles accurately ſtopped. Now if e Fouls e 
prefſed above are compared together, N be bund 
that the Aifference between the firſt tæerths I of td 
parts, and that between the latter of ſeven; thut ls, 
one tent and one twenty- fourth of the helfe quaritity 
of air: which-are much greater differences thian thoſt 
mentioned above. Notwithſtandeng thisg F cd Wi 
perceive' any particular change of health, or facility ef 
breathing, artſing from thoſe changes of the ſatubrity AH 
the athoſpherical air; and I am informed, that no pa 
ticular ſeaſes appeared — — any'f6 
mmm GS aut d. A. 10) T1520 

Nature is not {6 partial as PIPER 8 Sk 
1 not only given us ar air ahoſt equally good c 
here and at every time, but has. alle ed us à certain N 
titude or à power of living and being in health in quit 
ties of air which'differ to a certain degree. By this I do nA 
mean to deny the exiſtence of certain kinds ef nenio 
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ul the are gond:eyany hang and that ae ſmal den- 
nrrs ur not do he fore ſo Hh 0, U. me pale would 
make ns helisοαν. , Dean w ſpea here of thaſe 
wpaurs and other bates which are æcidentally jpiaed 
the cnman air bn pardienlar place but dont change 
in nature ani ar property. This ſtate of thelair 
cannot be Ken bythe teſt of nitrous air, and thoſe 
yapours: are to, be conſidered in tie fame manner as 
ve ſhould cdnſifder: ſo many particles of; arſenic: ſw im- 
8 eee In this caſe it is th arſenia, 

Lal _ og monls Kili the animals 
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_ — c Ido not mean tu ſpeak. of 
doſe. changes hh. du not immediateiy ater the nature 
Al. the air itſehf. The other ſtates of that fluid are of 
aother Kind, and they are not to be. eramined by 
means. of nitrous ar inflammable air; (the uſts of 
which. laſt, I; ſhall. ſhew on another, dccafion)- The 
me thing, may be ſaid of thaſe. vapours Ob particles 
wich may be goad. for reſpiration, and du nd change 
de natuxe ot the air. Some: vegetables, for in ſtamca, 
en diffuſa through the air ſuch exhalations as may 
zo of real ade: to the animal arconomy when theyr 
1. 3 
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alte breath d Core leu ume bob pricey 
fined by quick ſuver, where i leſbthm forfeverad howrsy 
after which thine I found, that he unf was mb at all as 
_ tered; but that various animals ſeemed tw breathe it-very 
well; notwitſtanding that the flowers filled:the grameſ i 
part of the veſſels. On the contrary, I have found, that 
the vapours ariſing from lime ſlacked in water, either do 
not alter the air at all, or very Ittle; though when 
breathed with the air they oboe denth of animals. 
Iwould not have anybody fapgolc, 
de importance kfiow the 00 ae Fly | 
air, and the: changes: it un le 0 85 Os a 
believe it to oc vary 1 1 574 r_ m | 
becauſe we du aht pet Eng hes 3 kind of it 
more than another may,conttibute to a perfect ſtate of 
health; nor at what time: ſmadb<lifferences may become 
very conſiderable, when one continues to breathe the 
ſame kind of air for whole years, eſpecially in ſome 
kind of difeaſes. An exact method of examining the 
goodneſs of common air may even be uſeful ta poſterity; 
in order to aſcertain whether our atmoſphere degenes 
rates in a length of time, This curious inquiry, together 
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ath denn; ang our: deſcendants. muſti dave; ſpore 
mit ude tan h philoſophers who found; out, an avelh 
fan those o ; improved it. [toni anceſtors had 
khown and tranſmitted it to us, we ſhould; perbaps, at 
yelent be able to judge of one of the greateſt changes 
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Read April 29, 1779. 


tt; R, SGreenwich, 


April 28, 1979. 
B ING encouraged by the attention the Royal So- 
ciety did me laſt year to give to the account of ſome 
electrical expeniments I had made, Which vou were ſo 
good as to preſent to them, I take the liberty to beg their 
indulgence again, and hope you will be pleaſed to lay 
before them ſome new improvements T have made in my 
electrical apparatus. I ſhall eſteem myſelf very happy if 
what I have done is worthy the farther attention of that I n. 
moſt learned and reſpectable body. : 0 
one particular addition I have made to the apparatus I er 
conſiſts in what I call an anti- conductor: it is exactly like I ſt 
the prime conductor, but it is fixed to the cuſhion of the Ia 
machine, and conſequently, when the cylinder is put in be 
motion, the anti- conductor is charged negatively, that is 
the electric matter is diminiſhed therein! in the ſame pro- m 
portion 


SAF. a on ÞB "ro e 


My. awiT's Account; Bee” 
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portion as it is increaſed in the om condudtor in the 


ame time. 7 2 1 1 i! 


Another thing ä to this machine is; that the 
whole is inſulated, fo that being able to collect the . 


tric matter without any connection with the earth, and 
having at the ſame time bodies or. conductors poſitively 
and negatively electrified, I apprehend 1 am enabled by 
this apparatus to exhibit many experiments more analo- 
gous to the natural effects of lightning from the clouds, 
than it is poſſible to do with only one conductor poſitively 
electrified; becauſe in nature clouds are conſtantly flying 
in the air which are differently electrified, and, diſcharg- 
ing themnſelves in each other, eres ee often 
ken in the almoſpherſſeeee e b. 

I have annexed a flight iketch of the pet ats f, 6 as 
the glaſs cylinder; & the prime conductor, on two glaſs 
ſtems; c the anti- conductor, on two glaſs ſtems, con- 
nected with the cuſhion of the machine; dd is a pole ur 
round ſtaff, well covered with metal, with a ball at each 
end, which hangs over the two conductors & and c; this 
ſtaff is faſtened to the croſs pole f, which is ſuſpended by 


a filk line in ſuch a manner that the ſtaff dd is equally 


balanced, 
It may be proper to mention a few common experi- 
ments and obſervations, to ſhew, that the two conductors 
„ 8 are 


496 — | 
we gbargoliangydileienty;drged, tit is, the orb pg 
tively ar Az, the other negativ ey o cat oa 
the eylinder is put in motion by turning me 
though, perhaps, this will not be doubted by any men, 
converiant-in electrical experiments, unleis they hay 
been: fully perſuaded, — aW 64. 70 
excited without connecting the machine with che e: 
which is not the chſe in this: apgaratiis/ fre glaf 
linder and both conductors are inſuhited .. o v9: 
I. When theicylinder moves, and à body a 


the prime conductor, fuck body will dra Moe 


— ——— 
the ſame length as will be drawn from dhe appruncl ing 


body by the anti- conductor. And a pich ball is equilly 
attracted / by both, whieh ſufficiently fhewmsz/thatibott 
conductors are charged os clearified. 10 ot 181 035 
2. The following common experiments will ſhew 
that they axe differently electriſied. 210 8415 SHV 
I take a wire with a ſmall piece of coca wood, abo 
one inch and a half long, pointed, faſtened to one end of 
the wire, and connecting the other end to the anti- con 
dugox; as ſoon as a conducting body approaches it there 
is a bright ſpark reſembling. a ſtar, which appears ta 
ſettle upon the end or point of the wood; but when the 
wire is connected with the prime conductor, there iſſues 
3 fro 
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he paint towards the approaching m, which, {mybrec 
bed de mom ſtrates che donductars fo be differemtly; ele 
mfedeq TN yd bardyob od 100 IL 21s 2quoizg 11 vof! 
3 I vaalle be ſben by anothieriexptrimentsl rake? 
mo jars; coated.as. in the Leyden dxpbrimont, and charge 
due by the xirime.comdudtor;; the) by the anti- 
toon; ther ſirſt ill be: poſitively, and the. ſecond nds 
tively electrified; Which is proved by applying a di. 
charging nod tothe balls connected with the inſide of 
the jars, When both immediately difcharge thernſel ves, 
which the wouldinat do, if both jars were charged from 
the ſarne conducton. Gt d 11 s A101 4 943 
Theſe experiments I omy mention, to ſhew, that the 
Jo conductars ate both electrified, and witty this dif- 
ference, that the one has more, — 1 nn. 
matter tam in its natural ſtate. 10 Kull / ollot 341 
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line onobhich in hangs within the ' ſphere of ałtion 


2 remains in egiilibria over both, as ſoon as the ey- 
nder begins to turn, the pole vibrates regularly towards 
a condos and as it 1 the gg or the 
n 3700 10 82 343 nid 211100 
310d bud, il n b n In 


4. When the pole dd is let down by: Girhaniog e- 
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488 Mr. wirr chu of bene 
In Ants ſtare if a Hall be preſented to either ChHu tor 
it makes ind alteration; the pole contirrues to Vibrat@a 
before, even though a flaſh comes onthe ban: but w 
a point is preſented to either of the conductors-ꝙ or d 
the vibrations of the pole begin to àbate, and no afl: 
comes to the point; And as ſoon as any connection! 
made with the earth, the point being preſefited to on- 
conductor, the pole attaches! itfelf to the un con 
tinnal Aiſties: - I 19/1144 67 Und 2&7 tt. 353 i} 5 
5. Ttake tws-glald'plobes coated e and —— 
towards the ends of the pole 4d. On turning tHe cylinde 
the pole will vibrate, and the globes will, in a ſhort time 
become charged; each globe will have its outwurd cot 
charged in the fame way as the conduetor over which; 
hangs, as will appear by diſcharging theny-into- each 
other with a common diſchargitig rod. This experin 
ſhews the poſſibility of compreſſing heme matte 
though the globes are perfectly inſulated. 
6. While the machine remains in this i: let thi 
prime conductor + be conne&ted with other clouds, fig 
2. which are made to move over houſes having condu 
tors terminated with points; the globe e over the prin 
conductor will be thrown upwards or repelled, and th 
other globe only will receive a charge from the anti- con 
ductor c. or if, on the contrary, the anti- conductor c 
I connecteſ 


TA ; 


— tt Pinfinicitys f. 459 
ä iying/cdowds, the oppoſite globe only 
all ireceiwe its charge from the prime conductor. But if 
walls inſtead of points be made to terminate the con- 
ors of —— the — ee will vibrate till both 
equally charged. pom l, it 
7. Or if we take off the globes and 1 W N jar or 
Whattery to each conductor, and charge them by turning 
he cylinder till the electrometer riſes to ninety degrees, 
he ſtrokes of the vibrations of the pole 4d become very 
hong; then, by means of an inſulated rod, I place a 
wiat on the upper part of either conductor where the 
knob of the pole ſtrikes, and no exploſion; will come on 
that point. But if, inſtead of a point, a ball be ſo inter- 
poſed, there will be an exploſion; and the larger the ball 


bis experiment, when the ball is interpoſed, if any per- 


v the ſolid. pieces of marble ſtanding on the board, he 
vil be ſenſibly affected with a ſhock every time the ex- 
oſion happens; but when the knob is in contact with 


he point in the former part of the experiment, as there 


no exploſion, neither will his finger be affected on the 
Marble or any part of the wire. 

8. Another experiment, which ſeems to agree in ef- 
with. all the foregoing, is as follows. 


From 


the greater the exploſion will be. In the latter part of 


n applies his finger to any wire on the board ταπο g, or 


460 1. — —_ 
Prom either the prime conductor, or from. the ar 
conductor, I ſuſpend a metal ball which can — 
the pendulum of a clock; I then place on a level with it, 
at the diſtance of four or five inches from it, another ball 
fixed and connected with the earth; as ſoon as the cylin- 
der begins to turn, the ſwinging ball begins to be at. 
tracted, and ſtrikes with conſiderable force againſt the 
fixed one, emitting a ſpark or flaſh at the ſame time. 

In ſuch poſition if a point be put the vibrations of the 
ſwinging ball will immediately begin to leſſen, and it 
ſoon becomes intirely at reſt, no flaſh or ſpark happen- 
ing from the inſtant the point is put there. 
9. On one of the knobs or balls at the end of the pole 
dd, 1 put a point turned downwards towards the con- 
ductor, and as ſoon as the cylinder moves it is thrown 
upwards or repelled, and the oppoſite knob or ball ad- 
heres to the conductor under it; but when points are put 
on both. knobs and turned downwards or towards the 
conductors, the pole dd will remain unmoved, notwith- 
ſtanding all the poſſible friction which can be given by 
turning the cylinder. | 

Lo. To render theſe experiments mare mhalogous to 
the natural phenomena of lightning and rain deſcending 
from the clouds, I place a veſſel of water inſulated, and 


as the clouds (fig. 2.) being charged paſs along the 
frame, 
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aled in the plate öf tile middle KG!" an ce 10 ufes 
wing taken away thron u this: cloud, the water if the 
Wſulated vere 18 adde o paſs and to de cend! in a ſtream. 
When a ball 18 iritergoſed between this U and the 


revolving ones, there will be frequent flaſhes upon it; 
hut when, inſtead of a ball, a point is put there, the elec- 


tric matter paſſes off r gradually a and 17110 without any 
fall. 5 

Lg SIR. I ' humbly apprehend, the whole current 
of theſe Aſttirnents tends to ſhew the preference of 


points to balls, in! order to diminiſh and draw off the 


To 


deric matter when excited, or to prevent it from accu- 
mulatin, g and conſequently the propriety or even neceſ- 
* of tetrhinating all conductors with points, to make 
mem ute fäl to prevent damage to buildings from light- 
ng, ' Nay ay ine very conſtruction of all electrical ma- 


Ales, in which it is neceſſary to round all the parts, and 


to avoid making 8 eds Iges : and points which would hinder | 


th! matter From being excited, will, T i imagine, on reflec- 
tion, be another corroborating wol of the reſult of the 
periment W , 
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XXX. 'Sitodium inti/unm: et macrbcurpon, uſuſque ſrus 
tuum aul exinde naſcun tur, deſcripta a Carolo Petr 
Thunberg, M. D.; communicated & Joſeph Banks 
E 2. P. R. OY "IP 


Read May 13, 1779. 


\ UCTORES, qui deſcriptionem dederunt Hujus ar 
L boris vel:fructus ejus, quantum ſcio, pauci ſunt. 
RHEEDE,. HENR. in Horto Malabarico, Amſt. 
1678 et ſeq. fol. macrocarpon deſcribit.. 
RUMPHIUS,. GEORG. EVERH. M. D. et medicus Am 
boinenſis annos ab. hinc octoginta, utriuſque ſpeciei 
hiſtortam dedit, quæ invenitur in Herbario Amboinenſ, 
a Prof. LAUR. BURMANNO,,annis-17:41 ſeq. publici juri 
ZANONIUS JACOB; in Hiſtoria ſtirpium rariorum 
Bonon. 1742, fol. macrocarpon memorat. 
* HAWKESWORTH, JOHN, Voyages round the World 
Lond. 1773, vol. III. 4*, inciſi mentionem facit. 
ELLIS, JOHN, fructum hujus deſcripſit anno 1775, l. 
a Deſcription of the Mangoſtan and the Bread - fruit, 
Lond. 4*. 


FORSTE!; 


rc 
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el 


15 


'Sitodium incqſum et Mtrorarpoh deftripia. 463 
FORSTER, JOH. REINH. et GEORG. in Characteribus 
generum Plantarum, p. 101 et TS2. tab. 51. Lond. 4 
1776, deſcriptionem genericam et figuram dederunt. 
Ego, anno 1775, Batavite Indorum commoratus, ar- 
bores haſce characteribus botanicis deſcripſi et ad genus 
ſecundum ſexuale ſyſtema reduxi, que deſcriptio ſub 
nomine Radermachiæ inciſe et integra in actis Stock- 
holmienſibus, anno 1776, p. 2:50. in venienda eſt. Eodem 
anno, I 7.7.5 ſcilicet, ſemina S. mucrocarpi miſi ad hortum 
nedicum Amſtelodarnenſem. Poſtea redux e Japonia, 
anno 1777, Plantas minus vivas utriuſque ſpeciei 
plantatas ad eundem hortum e Batavia tranſmiſi. Deinde 
in Europam anno 1778 ipfe revertens inſignem nume- 
rum mecum duxi e Ceilona, tam plantarum utriuſque 
ſpeciei vivarum, quam alterius ſpeciei ſeminum, que 
pluribus modis conſervare ſtudui, ſcilicet: -  ... - 

1e, In chartulis, que theca includebantur, et ali- 
— aeri in umbra ex ponebantur. 
25 In lagenis vitreis bene obturatis. 

3 In cera. 

4 In arena fcca. Uu he duz methodi optimæ 
fuerunt. Præterea 5 

555 Sub ipſo itinere ſingulis menſibus ſemina terræ 
mandavi, wt ſenfim excreſcerc poflent fub vario col et 
'ario anni tempore. | 
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8 Sitodiuminciſum et 5 
- SYNONYMA yy quibus inſignitur hoc genus a variis 
nationibus et variis in docis, ſunt ſequentia: 
Cingallis, Herreliga: ry | 
 Mallabaris, Plapallam, Tsjakamaram, pilau. 
: -Maleis, Succongy Tjampeda, Tsjampedaha, Nanca, 
Nortugullis, Jaka, Faceas, Jaqua, Jaqueira, | 
 Hollandis, rey * * Schrootſack, Brood- 
boom. cee e e NN ( 
 Anglis, Bread-fruit Free. | 
Botanicis, Soceus, — Radermachia, Artocarpus, 
Sitodium. | e i ] 


Dieſcriptio generica.. 


FLORES MASCULI. 
Cal. nullus. Spadix cylindricus vel ſabclavatus, ſen- 

ſim incraffatus, floribus undique tectus. I 

Cor. Petala duo, oblonga, cOricava, obs, villoſa 
filamenturn includentia. | 

Stam. Filamentumi unicum intra fin gulam corolla, 
ane * corollee Feen 
* Anthera pyramidalis: | 


FLORES FEMINEI. 


Cal. nullus. Pericarpium ovatum, l tectum. 
Cor. nulla. 


* 


m 


— | 465 
piſt. Ser mina :convexa; frequenti ſſima, ſexangulata.” 
Stylus:-faliformis; perſiſtens 2 
Stigma unum vel _ Eg 1 
nean long. " eſCtE118 ald RATE: 
peric. Baccaiovata, muricata, camoſa, niels. 
S FS2mina multiplici ſerie ibricata, ovata, * 
miiquetra, carne molli involuta. 
Character & genericus. 4 Cal. o. Corol. dipetala. 
| 2 Cal. o. Corol. o. Styl. r. 
= Bacca multilocularis.. 
Habitatio n ut in Ambona, Banda, et aliis Moluc- 
cis, Sumatra, Java, Ceilona, Maldivicis aliiſque. 


Deſcriptio fpecifica. 


I. S. inciſum, foliis inciſis; ramulis floriferis. 
Hecus lanoſus. Soccus capas. RUMPH. Herbar. Amboin.. 
P. I. pag. I LO. tab. 32. 
Soccus granoſus. Soccun 3 RUMPH. Herb. Amb.. 
P. I. pag. I12. tab. 33. 


Soccus filveſtris. Soccun utan. RUMPH, Herb. Amb. 

P. I. pag. 1 14. tab. 34. 
Bread-fruit. HAWKESWORTH's Voyages, vol. U. p. 80. 
ab. Ne 11. 


Rader maclia 


£66 Sitodium ucifion * 

Rader maabia inciſa. 2 AR. 2 anno 

1776, pag. 25 3. et EA en Bib 

Malais.  'Tjarapeda, Nanca ebony: Saccong, Succon 
radja, Succon timbul. > © Uns 

Hollandis, Bata viæ. Schoorſack, Syrſack, Broodboom, 

ODieilonæ. Syrſack, Maldiviſche Syrſack. 

Creſcit ſpecies hæc ſponte in inſulis Ambon. Banda, et 
aliis Moluccis, in Java in et circum urbem Batavia 
ſatis vulgaris, in inſulis Maldivicis alibique; culta in 
Mallabaria ut Surattis, ad promontorium Comorin; in 
Coromandelia ut Sutucorin, Tranquebaria, Nagapat- 
nam; inque Ceilona circum Colombo, Gale, Matu- 
ram, Jafnam, Trinquilimale, in inſulis Marianis, &c. 

Floret fructuſque maturos profert, bis in annum, * 
octo menſibus. 

Caulit arboreus, erectus, craſſitie horninis, Aenne quin- 
queorgyali. Rami faſtigiatim oppoſiti, ſi ubverticillato- 
quaterni, Nen ntes. Ramuli eee 

" flonifer- + 140% „ p 9518 

Folia alterna, petiolata, oblon ga, fores' medium pro- 

funde inciſa, g-lobata, integerrima,; villoſo- ſcabrida, 

patentia; ſupra viridia nervis pallidis; fubtus pallida; 
bipedatia, pedem lata; juniora plicata, minora, viſcida. 

Petiolus craſſus, ſubtriqueter, villoſus, pollicaris. Si- 

Paulæ juniora folia involventes, duæ, ſeſſiles, lanceolatæ, 

1 acuminatæ, 


 Macrocarpon diſeripta. 467 
rcuminate, concave, integerrime, intus glabre, extus 
hirſutz, deciduæ, palmares. | 
Fores in ultimis ramulis, maſculi et feminei diſtincti in 
eodem ramulb, pedunculati. 
pedunculus ſubteres, 2 „erectus, bipollicaris, craſ- 
ſitie digiti. 

Spadix ſpithamzus, cernuus, deciduus. 

Pericarpium magnitudine capitis infantis, ſterile vel: ſe-- 
minibus ſterilibus farctum. 

2. S. macrocarpon, fol. indiviſis 
miſque floriferis. 

Tyakamaram. REE DE, Hort. Malabar. P. III. pag. 17. 
tab. 26, 27, 28. ; 

Saccus arboreus major. Nanca: RUMPH. Herb. Araboin;. 

P. I. p. 104. tab. 30. 

Saccus arboreus minor. - Tojampadaba. UM. Herb. 

Amboin. P. I. pag. 107. tab. 31. 

Jaca. Zz ANON. Hiſt. Stirp. rarior. pag. 127. tab. 90, 91. 

Radermacbia integra. — Act. Stockholm. anno 1776, 
pag. 284. | 

Malais. Tsjampedaha, Nanca, Nanca buburc.. 

Portugallis. Jacca five Jaccas. | 

Hollandis. Syrſack, Scoorſack, Sehrootſack, .et'Broodboom: 
proprie. 
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' Craſcitihnonte cinfulis Moluccis, AmborgBanday ils; 


in Java parcins, Sumatra, Ceilona vuigaris, Coroman. 
delia, Tranquebaria, inque promontorio Cumorin. 
Floret fructuſque bis in annum, primis octo menſibus, 
ſenſim profert. tat 10 
Caulis arboreus, erectus, craffitie humana, quinqueorgy- 
alis et ultra. Rami alterni, patentes, ramuloſi. Na- 
_ muli alterni, iterum ramuloſi, villis IO rigidis 
hirſuti. | | | 
Folia alterna, petiol ata, ovato- oblonga, hots cum acu- 
mine obtuſo, obſolete ſerrata, indiviſa, nervoſa; ſupra 
læœte viridia, l viſſima; fabtus pallidiora, pilis rigidis 
birſuta; patentia, ſpithamæa. Juniors evidenter den: 
Tata ſant; qui dentes in adultis evaneſcunt. Petiolur WY | 
ſubtriqueter, glaber, pollicaris. — ut an priori. 
Raro folium unum alterumve inciſum. 
Flores maſculi et feminei in caule vel n Ui 
tincti. Pedunculus vel ſimplex vel ramoſus, pendulus, 
pollicem craſſus, pedalis. Pedicelli tres, quinque vel 
plures, digitum craſſi longique. f. 
Spadix digitalis, erecto-patens. 
Pericarpium magnitudine inſigni, ogg 30 librarum 
et ultra, fertile, adeo ut omnium baccarum facile maxr 
ma hzc fit. Semina magnitudine tripla et quadruph Ic 
* Amygdalarum, ſepe 200 uſque 300, ovato-oblongy 
altera 


mr bruxpo der pus. 36 
altera extreritate Acura, altera oben, Patties com 
| aa teribus. FRI: 12 ee 811 b 
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Ob/ervationet y genere circa ara gue ſpeciem. 


Arbor tota, rami fructuſqus abundant fucro lacteo 
abo, fibroſd et tee . line votes Abltii non 
poteſt. 

Cruſta extima fructuum coriacea eſt, tuberculis un- 
dique hiſpida et muricata; hac ablata ſemina in conſper- 
tum veninnt, quæ carne et variis tunicis circumvolvun- 
tur. Primum inter femina deteguntur lamellæ albæ, car- 
noſe, tenues, lineares, ſemina diſtinguentes. Deinde 
ingulum femen circumvolvitur tunica carnofa, ſtriata, 
immatura alba, matura flava, fapida, molſi. Poſtea ob- 
ſervantur du tunicæ tenues et feminibus magis pro- 
prize, quarum exterior alba et ſiccatione fecedens, inte- 
ror brunnea; he duz conſervari debent in ſeminibus 
plantandis. Media columna in fructibus parvis valde 
crafſa eſt, quo vero magis fructus accreſcunt et matu- 


rantur, eo hæc tenuior evadit. 

Utriuſque ſpeciei fructus, dum maturus eſt, odoris 
paululum ingrati et fere nauſeoſi eſt, licet interiora deli- 
cata ſint. 

Vol. LXIX. e S1 


479 7 Furdun x mens 
+ $, phayie gan tempore ff. floreſcentiv,: Pericargia 
parva putrefacta decidunt et parca tunc exit weſhs; f 
vero ætatem quindecim dierum dudum attigerint, ply- 
vie vix amplius nocent. 1 „ Fünen 
S. inciſum longe vulgarius eſt infals Java, Macrocarpon 
vero in Ceilona, ubi illi præfertur tam ob gratiorem ſa- 
porem, quam ob inſignem ſuam magnitudinem. 

S. macrocarpon propagatur ſeminibus, que facile 
excreſcunt; inciſum vero, quod ſterile. eſt, radicibus ſub 
ipſa ſuperficie terre plantatis. S. inciſun optime colitur 
tam in humo arena mixta quam in terra argillacea; ue. 
crocarpon vero amat argillam humo mixtam. 
Flores fructuſque primos F. inc, ſum profert tert 
quartove anno, macrocampon vero anno quinto vel ſexto; 
utrumque perennare dicitur annos 100 uſque 150, ſem- 
per fructiferum. S. inciſum fructus ſuos profert in ipſis 
extremitatibus ramulorum, macrocarpon vero in ipll 
trunco et majoribus ramis. 


Obſervationes circa S. inciſum. 


Species hæc longe communiſſima eſt in orientalibus 


regionibus Indiz Orientalis. In Ceilonam, Mallabariam, 


et Coromandeliam allata fuit et radicibus propagata. In 
inſulam Ceilonam primum ab incolis Maldivicarum in- 


ſularum, qui quotannis naviculis adveniunt, annis 1727 
vel 


Mevrurpon del pid. 47 
77 2 Flallatze fübrüflt radices et plantitz intra Caſtel- 
fr juxta 1 it librto domus roi, DudsUks 


die, Magna copia Püree ſunt. Ob hanc rationem 
hodie adhuc ab Hollandis arbor Maldivica a (Maldiviſcte 
yr/ach) appellatur. | 

Radices plantatæ primum' poſt ſpatium duarum, trium 
fel plurium menſium mihi inceperunt prima germina 


6 
5 
r 
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Semina wits magnitude dupla piſi circumdantur 
arne tenuiſſima et en, ſed ſterilia ſunt nec mem 
xcreſcere volunt. — 


« a 4 -9 


g. 71 "i circa S. mMACrocarpon. 

1 Radices amant ſaperficiem terræ ſique alte ſub terra 
impoſita lepeliuntur, arbor emori dicitur, precipue ab 
humo pingui. 

Dum fructus maturare incipiunt, comeduntur a Sciuro 
palmarum atque Corvis, fi non ab horum inſidiis præſer- 
> Wrantur. sciurus palmarum primus plerumque eſt qui 


vlnus infligit, et apertura ab illo facta adveniunt Corvi, 


ihm fugantes quodque ſupereſt fructus comedentes. 


f Jul plerumque 30 et 35 librarum pondere fuerunt. 
x 299 2 Nar- 


emittere, licet ſub fitio ardente et intra tropicos plerum- 


þ 


Fructus varios trunci et ramorum maturos ponderavi, | 


4 Sitodium ineifum er 
Narratum mihi fuit a varlis fide dignis, quod! ipſæ radices 


infra ſuperficiem. terræ interdum fructus proferant; qui 
ſub maturatione terram divellunt ct atleo ponderoſi ſæpe 


evadunt, ut a duobus ſervis portari debeant gn, hique 
fructus maxime delicati æſtimantur. A 
Accidit interdum, ut fortioribus ventibus dejiciantur 
fructus ponderoſi, dum valde grandes e tenui et non ſatis 
forti pedunculo dependent. Dum valde grandes evadunt 
fructus et aliquot eidem infident pedunculo ut tres, 
quinque vel plures, tunc plerumque corbes- ex foliis 
cocos confectæ ſubponuntur, ne ab hoſtibus ſuis ſupra 
memoratis lœdantur, nec pericarpia adhuc immatura, 
præ pondere rupto pedunculo, decidant et ne noceant in- 
vidi oculi, unde fructus decidunt, ut innen Cre» 
dunt. 
Duobus vel ſaltem tribus menſibus fructus * ma- 
turat hæc fpecies, dumque / primi fructus maturi ſunt, 
iterum florere incipit. n G, lie 
Ceilonenſes triplici nomine inſigniunt hos fructus, 


prout illis utuntur varia ætate et prout magis vel minus 
maturi ſunt. Pollos audiunt, dum adhuc parvi magnt- 
tudine ovi Struthionis, et immaturi ſumt, ætate dimidiæ 
vel integree menſis; hoc quoque nomen tribuitur frudti- 
bus S. inciſi in genere. Herreli, dam ſemimaturi funt, 
magnitudine cocos unius cum dimidia. Caro ſeminum 

3 tunc 
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Macrocdvpor — 473 
woadbucaltialatteſcens eſt, nec ſine prœparatione edulis. 
ſarreta, dum plenam fructus maturitaterm attiger unt; 
aro ſeminum mollis, dulcis, flava et fine pragreila præ- 
paratione edulis et delicatiſſima eil, licet dulcedo akguan-- 
tum nauſeoſa fit. Maturitatem minorem vel majorem 
cue udimus ex mollitie et ſono, quem digitis pulſatus. 
fructus plus vel minus obtuſum edit. Pollos diſſectus in 
re rubeſcit et adſtringens eſt, ſed coctus iterum albeſcit. 
Diſtinguunt quoque nonnulli fructus in duplicem va-- 
netatem, ſcilicet nucleis duris et mollibus: e mollibus 
conficitur Fioc. | 
| Hzec ſpecies in Ceilona vulgatiſſima. eſt et ſpontanea, 
Cingallis pauperibus, qui nihil vel parum oryze poſſi- 
dent, maxime neceflaria et inſignis utilitatis, dum fruc- 
tum cum pauxillo raſuræ Cocos vel cum raſura Cocos et 


oryzæ parum comedunt. 

Mos obtinuit in Ceilona ſemina hujus cum humo et 
aqua mixta in diſciſſo Cocos externo involucro ſerere, ut 
germinent, antequam in hortis plantentur. 

Licet hæc ſpecies per totum fere Orientem creſcat, 
aullibi tamen locorum vel majores vel ponderoſiores 
fructus vel delicatiores profert, quam quidem in inſula 
Ceilona et quibuſdam Mallabariæ regionibus, ut ipſe non 
modo obſervavi oculatus teſtis, ſed et in antiquis pere- 
grinatorum ſcriptis adnotatum inveni.. | 

USUS. 
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ahve, allius + vix uſus eſt. Cum — arbor 20 ve 30 et 
40 annos attigerit, adhiberi poteſt liznutn'p ro Vario uſa 1 in 
conſtruendis domibus, pro laminls, trab ads in conſtrii 
endis naviculis, ubi injurias aquæ et aeris 3⁰ annos et 


ultra perduratz f in fabricaridis ſettis, cat, ci ciſtis, ca 
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teris. 
Lac arboris inſervit | pro capiendi 8 —.— et aliis ayi- 
bus, dum inftar viſci inungitur arborum Tami 


hed i: 


Frucius autem præprimis 
tantæ utilitatis eſt, vel ſterilis vel ſeminibus farctus. 


eſt, qui N! humano 


Bacca, dum omnino matura eſt, ſcilicet 5. mMacrocarpi, 


carnem habet ſemina obveſtientem, 1 mollem, flavam, 
dulcem et delicatam, que ſine! ulla præparatione pre- 
greſſa vel ſola editur vel cum oryzæ pauxillo, et optime 
ſapit. Hæc caro in duas vel tres partes diſcifſa cum oleo 
recenti Cocos aſſata quoque comeditur. 

* Bacca utriuſque ſpeciei, dum adhuc immatura eſt, id 
eſt Pollos et Herreli, variis modis præparata nutrimento 
inſervit. Ingreditur præparationem Currii Caldu, Currii 
ſeco, Niembelz, Lixationis cum lardo, Pollos tjundido, 
fricadellarum, Pollos aſſati, Empade, Pei et hinc, in fu- 
turos uſus, exſiccatur fructus. | 

Pauperes Cingalli ſequenti modo fructus e S. in- 


te 


iſa * 


Magere en fte. 475 
Gb edge Ser AT rpg Seis ſeminihus, Præpsra- 


ps adlubent... Omnia cytro If. t tenuiſſimas et miny- 
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jſimas partes conſcindung,, cumgue Cocos raſpato a 
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ſupra lapidem <ontrita 1 yel fola comedunt yel cum addi- 


llt 


is ; Capſicis, ſale e et Allio, - Mos quoque Hollandis 3 in In- 


lis eſt, Pollos Ufriuſque ſpeciei i in tenues lamellas conci- 


tum  Thez, He lamellæ tenues aliquando etiam lixan- 
tur cum carne et juſculo gallinarum. 

Nuclei vel cum tunica ſua carnoſa, vel cum toto fructu, 
rl ſoli Pro, nutrimento adhibentur ut in ferculis variis, 
ſuctu cocto, Pollos tiundido, confectione ſeminum, Fios 
Pacentuliſque. Nuclei mundati etiam ſoli eduntur tam 
a ditioribus quam a pauperibus, cocti vel aſſati. Cocti 
perumque 2 Pauperioribus « cum Cocos raſ; pato et ſale 
omeduntur., Ditiores interdum hiſce in quatuor ple- 
rumque partes conciſis et paſſulis mixtis vel porcos ju- 


dem non ſunt; nihilo tamen minus Javani exinde cum 


aborantibus propinant. 

| Omnibus itaque prioribus, quæ homini alicujus utili- 
atis eſſe poſſunt, pro nutrimento et alimento adhibitis, 
cetera tamen ut.inutilia non abjiciuntur, ut cortex fructus 
externus, 


ſum cumque oleo fortiter affatum comedere, juxta po- 


niores vel anſeres aſſatos, loco Caſtanearum, implere 
ſunt, Uſus, quos habent medicales nuclei, tanti qui- 


Cc 
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umpha Cocos emulſionem parant, quam Diarrhceis- 
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47 Suodium ale et. 
externus, lamelle paleaceæ, quæ ſemina circutaſtant, | 
nice nucleorum et columna media; ſed. hæc in minut: 
partes conſciſſa et cocta, ſuibus, qui avide devorant, ar 
ponuntur. 

E columna media diſciſſa, parum cocta et in aceto ma- 
cerata Atjar conficiunt. Atjar (Pickles) vocant omne, 
quod aceto forti conſervatur et pro condimento ciborum 
inſervit. Ex pollos quoque Atjar fit, dum antea decorti. . 
catus et coctus aceto inditur. EN 


Deſcriptio fercularum, quas e fructibus preparant Hol- 
landi in India Orientali, preſertim in inſula Ceilona. 


I. Currii Caldu. Rc. tenuium Jamellaram Pollos Mi 
Coque parum cum aqua et radice Curcume ut flavel- 
cant. Adde Piſcis ficcati (Comlimas dicti, e Maldivici 
inſulis adducti) et contuſi v ij. fi velis; lactis Cocos fe 
cundi tbij. Coque iterum tenui igne per ſemihoram, 
aliquando agitando. 

2. Curii ſeco. Rc. tenuium lamellarum Pollos M ij. Coque 
cum aqua et radice Curcume parum, ut flaveſcant. 
Adde Cocos uſtæ contritæ ſimul cum ſeminibus Cori- 

andri et piperis, cortice cinnamomi, mace et aquz 


ſalſæ parum: lardi ſaliti cocti et in parva fruſta con- 
ciſi q- vis: aquæ, in qua coctum fuit lardum, parum. 
Omnia 


"SD RO oſt Min. 459 
Womnls" Hes betie miſcuntur et adduntur lactis Cocos 
* cochleatia aliquot. Coque per dimidiam Horatm. 
poſtea alio vaſe aſſatur butyro herba allii conciſa, pri- 

ora omnia adduntur beneque miſcuntur. Additur 


/ 


porro ſaccus duarum limonam, miſcetur optime et 
paululum aquæ falſe ad gratum ſaporem additur. 
Quidam addunt unicum Capſicum et duos allii bulbos. 
3. Pollos Tjundido. Rc. Pollos vel Herreli cum vel fine 
nucleis tenue conſciſſorum q. vis. Coque primum 
cum aqua et radice Curcumæ. Adde Cocos raſpatæ 
cum Capfico, allii bulbis conciſis et ſale M ij. Coque 
iterum leni igne maſſam fere ſiccam, ſzpe agitando et 
interdum vaſe clauſo. Coctione per dimidiam horam 
peracta, paratum eſt. jj 2 
* Currii Caflaneum. Rc. Nucleorum a tunicis munda- 
torum et in longis anguſtis lamellis conciſorum circi- 
i ter ij. Coque parum cum aqua et radice Curcumæ, 
ut flaveſcant. Adde, fi velis, Piſcis Comlimas dicti 
Pj: lactis Cocos ſecundi IbG—1: Alli herbæ conciſe 
x parum. Coque vaſe clauſo per dimidiam horam leni 
i. Ione, interdum agitando. Adde lactis Cocos primi 
i paululum. Coque iterum, continuo — per +; 
of bore partem. 
-. Niembela. Rc. Pollos vel Pollos et Herreli valde groſſe 
n. conciforum q. vis. Adde aquæ falite et allii foliorum 
ial VOL. LXIX. 4 Rrr | conci- 


478 Slitodium inciſum ef 

conciſorum parum: lactis Cocos primi Ibj, Piſcis 
(Comlimas dicti) contuſi P ij. Coque lent igne, ſæpe 
agitando, per dimidiam horam. 

6. Lixatus cum lardo frudtus. Rc. Pollos et Herreli grofle 
conciſorum q. v. Adde aquæ falitz et allii herbæ con- 
ciſæ parum: lardi ſalſi cocti et in fruſta conciſi atque 

aqua frigida abluti q. vis: aquæ, in qua lardum coc- 

tum fuit, paululum: macis et fruſtulorum Cinna- 
momi, herb allii conciſe et cinnamomi pulveriſati 


aa p ij. Coque per 8 hore, aliquando 
quaſſando. 


7. Fructus coctus. Rc. nucleorum cum carne et tunicis 
maturorum, inque duas vel tres partes conciſorum 
q. v. Coque cum aqua et radice Curcumz q. s. ad- 
dendo ſub coctione paululum ſalis. Ita coctus come- 
ditur a pauperibus, cum raſura nuclei Cocos; ditiores 

addunt Capſicum et piſces ſiccatos. 

8. Lamelle Pollos aſſutæ. Rc. lamellarum tenuium Pol- 
los coctarum q. vis: lactis Cocos th: farinæ mij. 
Hiſce mixtis involve lamellas et in vaſe plano aſſa cum 
olei Cocos recentis magna copia. 

9. Empade. Rc. lamellarum Pollos ut ſupra. affatarum WW 
q. v. Adde herbæ allii tenue conciſe, lactis Cocos 
(Comlimas) piſcis ſiecati, bulborum allii conciſorum, et 
pulveris Cinnamomi. Coque vaſe plano, leni igne, 

1 continuo 


Macrocarpon deſeripta. 479 
continuo cum cochleari lac Cocos ſuper affundendo. 
per quadrantem horæ ita coctis adde allii bulborum 
tenue conciſorum et cum butyro aſſatorum, quantum 
lubet. 

10. Fricadelle ex Pollos. Re. Pollos cocti et in pultem 
redacti M ij: allii herbæ conciſe, Cinnamomi, Piperis, 
nucis moſchatæ, ſalis, panis biſcoccti aa pulveriſato- 
rum q. vis: vitellum ovi unicum. Miſce optime fiant- 
que inde boli, obvolvendi albumine ovi, ut melius co- 


hæreant. Poſtea aſſentur butyro ſolo vel oleo Cocos et 


butyro ſimul, uſque dum rufeſcant. Paratis ſic bolis 
ſuper affunditur embemma e butyro, pulvere cinna- 
momi, pipere, ſale et ſucco limonum confectum. 

11. Confectio ſeminum et carnaſæ ejus tunice. Rc. Tuni- 
carum carnoſarum ſeminum in duas vel tres partes 
conciſarum q. v. Aſſa cum oleo expreſſo recenti Co- 
cos. Oleum deterge cum linteo vel pone affatas tuni- 
cas in &ribro, ut deflnat oleum. Poſtea obvolve ſyrupo 
facchari condenfato, ſicca et lagenis bene obturatis 
conſerva. Per tres menſes ita conſervari poſſunt et 
eduntur juxta potum Them. 

Rc. Seminum a tunicis mundatorum et integrorum. 


Cum oleo aſſata involve ſyrupo ſacchari, ſicca et ut 


Priores conſerva in eundem uſum. Si ſernina aſſata 
Rrr 2 cum 
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cum ipſo ſyrupo in lagenis obturatis includuntur, per 
dimidium annum conſervari paſſunt. 

1 2. Fios. Rc. ſeminum maturorum q. v. involve pulti e 
lacte Cocos, faritia et vitello ovi' Gonfectier' 0 A la cam | 
| dleo recenter expreſſo Cocos. ſt 

1 3. Placentulæ. Re. Veſpere Syri dicti (i. e. aceti e fucco f 
Cocos fermentato) : farinæ q. v. unde fiat bolus. Al. 

tero mane; nocte peracta fermentatione, adde lactis 
Cocos, farinz ſeminum ſiccatorum q. s. et ovorum 
vitella pro lubitu. Fiant modo conſueto placentulæ. 

14. Pei five Fambal. Rc. Pollos cocti, ſeminum ſinapis 

a MH, radicis Curcumæ q. v. Omnia ſeorſim in pul- 

tem redacta, optime miſceantur cum paululum aceti. 

Adhibetur cum aliis cibis, cum piſcibus et cum oryz 
quandoque ſola, ob gratum faporem, præſertim pau- 

13 his quoque adduntCapſicum, zin giben 

allium et ſal commune, ut priora in pultem redacta. 

1 5. Siccatio fructuum. Rc. fructus ſemimaturos vel inte- 
gros vel diſciflos exemta carne. Coque parum et poſtea 
ſicca optime inſolatione, et ita ſerva vel ſuſpenſos in 
Camino vel alio ſicco loco. Hac ratione per annum 
conſervari poſſunt. Pauperes ita ſiccatos cum Cocos 
raſura comedunt vel etiam coctos. Dum aliquando 
magna copia colligunt fructus, ita illos ſiccatos in fu- 
turos uſus conſervant. 
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Curgii, quod communion Indianis eft, Piedra 
jnſculum quoddam audit, cul additur radix Curcumæ ut 
flayum induat colorem, et capſicum, ut igneus plus mi- 
nus evadat ſapor, præter pauca alia aromata. Ejuſmodi 
juſculum fit e juſculo carnium ut gallinarum, anſerum, 
matum, ovium, piſciumque; item ex emu ſione nucleo- 
rum Cocos, cum carnibus ſupra dictis vel cum carnibus 
et varus, ſimul fructibus conciſis ut melonibus, bilimbing 
(averrhoa Bilimbi) aliis, vel etiam cum hiſce et aliis fruc- 
tibus abſque carne. Dum juſculum adeo paucum 00 ut 
tere ſiccum, vocatur Currii ſeco. 

mne, quod Gurri audit, ingredi debet radix Nur 
cumæ, ut color evadat flayus et ad ſaporem acrem plus 
minus igneum, Capſicum et alia aromata, pro cujuſque 
lubitu, adduntur ut Currii Caldu, Currii ſeco, Currii caſ- 
taneo et Pollos tjundido. 7 

Radix Curcumæ, quæ communi nomine in Indiis ap- 
pellatur Borriborri, et ad ſinem Currii additur, ſequen- 


tem in modum præparatur. Primo aqua maceratur ut 
mollis fiat, dein ſupra lapidem planum cum pauxillo 
aquæ conteritur in pultem ſinapis denſioris conſiſtentiæ. 


Lapis, plerumque /apis Borriborri dictus, planus eſt, plus 
1 vel 
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482 Sitoditmm inciſum et 

vel minus magnus, cum piſtillo lapideo, ea longitudine W# 
ac ipfa latitudo lapis, cylindrico, altera extremitate rotun. d 
dato, altera tranſverſo. Super hunc lapidem in pultem I 
teruntur non modo radix Curcumz fed etiam pollos III 


coctus, ſinapis, Capſicum, allium, Cocos raſpatum, oryꝛa ſW* 
toſta et alia aromata, 8&c. T 
Currii ſeco varia requirit, que antequam in pultem 0 
redigantur, toſta eſſe debent ut Cocos, ſemina Coriandri, M* 
cortex Cinnamomi et, ut quidam amant, oryza, piper, 


feniculum et cetera. Hæc ſingula vel ſeparatim vel 
aliquot ſimul mixta in vaſe terreſtri ſuper ignem, per- 
petuo agitando comburuntur, donec brunnea evadant. 


Tunc ſuper lapidem cum adjecta aqua in pultem fere 
ſolidam rediguntur. 

Fructus, prima et ſecunda ſua ætate, id eſt, Pollos et 
Herrel1, ante preparationem decorticantur et inciduntur, 
In octo plerumque partes fructus primum inciduntur et 
ſingulum fruſtum ſeparatim decorticatur. Deinde ſin- 
gula pars inciditur in fruſta vel lamellas majores vel mi- 
nores, craffiores vel tenuiores pro uſa diverſo. Inciſio 
hc adeo peragitur: cultri manubrium firmum tenetur 
inter hallucem et proximum pedis digitum, ita ut acies 
ſuperiora ſpectet et ſub medio poſito ligno apex elevetur, 
infra quem fructus inter ambas manus retentus inciditur. 
Incidentes tunc ſedere debent in ipſo ſolo vel pavimento 

ſubſtrato 
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« ptrato tapete, vel in ſcamno humiliflimo, ne altius ſe- 
&ntes dorſi dolorem contrahant. Hoc modo conſcin- 
auntur non modo fructus completi, et fructus abſque 
pucleis; ſed etiam nuclei, vel cum carne circumvolvente 
et tunicis, vel ab eis mundati. Hæc eſt methodus plero- 
umque Indianorum et quorundam Europœorum in In- 
düs degentium; ſed hæc quoque inciſio ſupra menſam 
cultro inſtitui poteſt. Conciſa omnia aqua puriticantur 


a arena et aliis adhærentibus immunditiis. 
Nuclei a tunica carnoſa ſeparati a ceteris tunicis quo- 


que mundantur. Exteriorem albam tunicam ſingulari 
modo ſeparant, ſcilicet nucleum perpendiculariter ſupra 
apidera collocant et lapillo extremitatem ſupremam ſeu. 
apicem pulſant, uſque dum diſrumpitur tunica et facile 
ligitis ſeparari poteſt. Intimam. brunneam tunicam 
cultro radendo eximunt.. 

Lac ſeu. emulſio nucleorum Cocos, eodem, quo aliæ 
emulſiones modo, præparatur. Proprio primum inſtru- 
mento nucleus raſpatur, aqua frigida additur, raſura in- 
ter digitos premitur et emulſio decolatur. Hoc lac pri- 
num vocant cum fortius ſit; fi vero iterum raſuræ aqua 
ſuper infunditur et expreſſio fit, obtinetur lac ita dictum: 


{cundum, quod dilutius eſt. 


Proportionem 


484 Sitodium iaciſum et Macrocarpon deſcripta. 
Proportionem ingredientium circum circa indicayi, 
ſecundum quam ipſe vidi hæc fercula præparari; ſed ila 
tamen pro cujuſvis guſtu arbitraria eſt, ſic ut hoc vel ihud £ 
ſecundum placitum augeri poſſit vel diminui. 
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XXI. 4 Second Paper concerning ſome Barometriech 
Medſures in the Mines of the — By Mr. John An- 
drew De Luc, Fe R. S. 


Read June 10, 1779. 


* 


HE Royal Society havin g been pleaſed to accept 
the communication which I had the honour to 
make to it two years ſinge of, f certain barometrical expe- 
riments in the mines of the Hartz, I take the liberty of 
communicating to it ſome others of them, which I made 
the laſt year in one of the deepeſt « of the mines in thoſe 


t# + Ie 


mountains, named the Deep St. Jobn. 


It 
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Second Mimoire fur des Me ſure Baromdrriques dans les Mines du 
Hartz. Par Monſ. De Luc, F. R. S. 


L Societe Royle ayant bien voulu agreer la communication que jeus 
Phonneur de lui faire il ya deux ans de quelques experiences du barometre 
dans les mines du Hartz, je prends la libertẽ de lui en communiquer d'autres, 
que je fis anne derniere dans une des mines les plus profondes ce ces mon- 
tagnes, nommte le 70 St. Jean. 5 | = 
„„ ð ðU / ; gona ono 


486 Mr. nx"1vc'0! Barometical Meaſures 
It was on the 5th of July that I went down into it. 1 
had been informed that I might not perhaps be able to 
arrive at the loweſt galleries becauſe of the foubair which 
had been there all the preceding days. Some miners 
therefore went before to examine how far we might go 
down without danger. Mr. usLAR, who had been ſo 
kind as to accompany me to the mines of Ramelfberg, 
was alſo pleaſed to be of this party, as well as Mr. Fax- 
DERIC, one of the officers of the mines, a gentleman well 
{killed in ſubterraneous geometry. And whilſt we were 
under ground Mr. MAYER, one of the clerks of the office 
of the mines, obſerved his barometer above ground every 
quarter of an hour. EW | 
It had been fine weather for ſome days, and that day 
it was particularly ſo; —_ Mr. MAYER perceived no va 
riation 


— 


Ce fut ſe 5 Juillet que j y deſcendis. On me prevint que je ne pourrois peuts 
etre pas arriver juſqu aux galeries les plus baſſes a cauſe des mouffettes, dont il) 
avoit eu» tous les jours precedens, Quelques mineurs prirent done les devant 
Pour examiner juſqu'a on nous pourrions deſcendre fans danger. Monſ. DE UsLAR, 
qui avoit eu la bont de me conduire aux mines du Ramelfberg, voulut bien en- 
core etre de cette partie, de meme que Mr. FREDERIC, Pun des officiers mireurty 
tres au fait de la geometrie ſouterraine. Et tandis que nous fiimes dans inte- 
rieur de la terre, Mr. MAYER, Pun des officiers du bureau des mines obſerva 
ſon baromẽtre chaque quart d heure à PFextericur, 

II faiſoit fort beau depuis quelques jours, et ce jour 4 en particulier; et Mr. 
MAYER m apperęut aucune variation dans fon barometre de 4 h. a 9 h. du foir: 
« ce 


nde Mines be Hartz. 4883 
mation in his barometer from fdur to nine o'clock at 
night, which, at that height, indicated the greateſt ſta- 
bility in the fate: of the air in all other reſpects, except- 
ing for the ordinary variations of the diurnal heat. Had 
it been on the Plain, the immaobility of the barome- 
ter, in that part of the day, would have indicated that it 
had a tendency to deſcend. I ſhall not dwell on the cauſe 
of this difference, which refults from that of the heights; 
have explained it in my work on the atmoſphere. 

It was 444 h. when I made, at the entrance of the 
mine, the firſt obſervation of the barometer and of the 
thermometer which accompanies it; and at the bottom 
of the firſt ladder, that of the detached thermometer, 
Continuing to deſcend. we arrived at 85 h. towards the 
middle of the depth of the * the * 


_—_——. 
Me. * * 


ce qui, à cette _hauteur, marqudit Ia plus grande. ſtabilite dans <tat de Lait, 2 


tout autre Egard que pour les variations ordinaires de la chaleur diurne. A la 
Plaine, Vimmobilits du Barometre dans cette partie du jour, eũt marque qu'il 
tendoit à deſcendre. Je ne m'arreterai pas à la cauſe de cette difference, qui 
reſulte de celle des hauteurs; je Vai expliquee dans mon ouvrage ſur Patmo- 
here, DM} 

Il etoit 43 h. lorſque je f a Pentree de la 1 la premiere obſervation du 
barometre et du thermomẽtre qui Vaccompagne; et au bas de la premiere echelle 


celle du thermometre dẽtachẽ. Continuant a deſtendre, nous arrivames a 54 h. 
ders le milieu de la profondeur de la mine, aupres du commencement Tune 
ET oF TEES galerie 
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Þgallery A EPERERS NY 
tion at 84 h. „ nt. 

The miners | whothad gone before us, 0 come 
back from the bottom of the mine, reported that the va. 
pours were diſſiputed and that the air was every where 
good. So we continued to deſcend to the place where, 
for want of a ſufficiently deep draining gallery, the wa. 
ter is obliged to be left, although by ſore extraordinary 
efforts they had formerly ſunk the ſhaft: ten or twelve 
fathoms deeper - Fhis point is at the levebof the ele- 
venth gallery. I obſerved there at 7: h. The air was 
perfectly — PE a ide! mer thai at the 
top of the ſhaft. 4 Þ 8 9, 


In afcending again 1 e tho odferatiowac 8 h. 
near the George gallery; the barometer ſtood then one 
eighth of a line higher than the firſt time. On return- 

- ng 
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galerie nommẽe George, od je fis une e obſervation 3 a 52 B. 

Les mineurs qui nous avoient precedes, {tant alors de retour "du fond de la 
mine, nous rapporterent que les mouſſettes Etoient diffipees, et que. Pair etoit bon 
partout. Ainfi nous continuim-s à deſcendre juſqu'au point on, n manque d'une 
galerie d'ecoulement afſez profonde, on eft oblige de laiſſer Peau; quoique, pat 
des efforts, on ait approfondi autre fois le * de 10 à 12 toĩſes de plus. Ce 
point eſt à niveau de Fonziẽme galerie. y fis Pobſervation à 74 h. Lair) 
ttoĩt parfaitement ſain; ſeulement il etoit un * plus chaud que dans le haut 
du puits. 

En remontant, je reiterai Pobſervation 3 82 h. aupres de la galerie George 


te barometre y tint plus haut d' f de ligne que la premiere fois, De retour a 
9 heure 
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coal e af H Hartz © 1 INM 41 
ung to thectep t ber mine at: iE, nN co SE οhiH,jZ²ed 
there again, and found the barometer one ſixteenth of a 
ine higher than when I had entere. ch 
Combining theſe obſervations, which are ſet down at 
me end of this paper, I found that the George gallery 
was 12716 lachters, or Hartz fathoms, below the en- 
trance of the mine; and that the whole depth was 
215˙86 lachters, which makes 801 Engliſh feet for the 
firſt depth, and 1369 for the latter. 

Mr. us an, having taken a memorandum of the places 
where I had made my obſervations, afterwards gave me 
the correſpondent geometrical meaſures. The depth of 
the George gallery he found to be 1 27:87 lachters, that 
s, only four feet more. than what I had found by the ba- 
wmeter; but I was, much ſurpriſed to ſee. that, in the 


whole 


% 
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gheures au haut de la mine, jy obſervai encore, et je trouvai le barometre plus 
taut d' I de ligne que lorſque j ẽtois entre. 

bs ces obſervations, dont les details-ſont à la fin de ce mẽmoire, je 
douvai que la galerie George étoit abaifſee de 129, 15 lachters, ou toifes dw 
Hartz, au defſous de Pentree de la mine; et que. la. totalite de la profondeur. 
goit de 215,86 lachters. Ce qui fait 801 ww * pour la: premiere pro- 
fondeur, et 1.3.59 pour la derniere. 

Mr. DE UsLAR ayant pris note des lieux on Javois fait mes obſervations, me. 
donna enſuite les meſures gẽomẽtriques correſpondentes. I. a profondeur de la 
galerie George ſe trouvoit Etre de 127,17 lachters &e à dire plus grande ſeule- 
nent Le 4 pieds que celle que j avois trouvẽe par le baromẽtre: mais je fus bien 


3 ſurpris 
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whole — ere eee — 
110 feet. 2 tt 1 A Eg 2 $12211 
At firſt I ſuſpeſted an error in my obſervation, and 
reſolved to go down into the mine again. But after. 
wards, from a compariſon of the ſucceſſive obſervations, 
in which the particular eonſtruction of the ſcale of my 
barometer would have ſhewn the error, I law clearly 
that my obſervation was well made. I I ſhall not in · this 
place explain the nature of that examination, for fear of 
being too long; but it is One deduced —— con- 
Aruction of that ſcale. 0 1s vo DE I 16 
I had no longer reaſon to chink, that the barometric 
meaſure could in itfelf differ ſo much from the geome- 
tric meaſure, fince they agreed fo well in the middle of 


the ſhaft. There remained nothin: 5 to be ſuſpected but the 
geo- 


„ 8 — — * — 
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ſurpris de voir que ſur la profondeur totale, la meſure gfometrique excẽdoit k 
mienne de 110 pieds. | 
Au premier moment je ſoupgonnai une erreur dans mon latins, et je me 
reſolus de retourner dans la mine. Mais enſuite, par une comparaiſon des ob- 
ſervations ſucceſfives, dans laquelle la conſtruction particuliere de Pechelle de 
mon barometre eũt fait appercevoir cette erreur, je vis fans aucun doute que mon 
obſervation Etoit bien notee, Je n'expliquerai pas ici la nature de cet examen; 
de peur d'ttre trop long; mais on le conclura aĩſement de la conſtruction de ceus 
n 1 | 

Te wWavois point de raiſon non plus de croire que la meſure barometrique pit 
en elle meme s ecarter autant de la meſure geometrique; puis qu'elles s'accor- 
doĩent ſi bien dans le milieu du puits, Il ne reſtoit donc a ſuſpecter que la note 
* 
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geometric meaſure which had been given me, and I re- 
queſted Baron DE REDEN to cauſe it to be examined. The 
perſon whom he charged with that care was his nephew, 
who is very ſkilful in every thing concerning the mines. 
He examined with Mr. RAUSCH, the chief geometer, the 
meaſure which had been given me; and they found, that 
in writing the depths of the differents parts of the mine, 
the ſum of which ought to give the whole depth, one of 
theſe parts had been twice put down, ſo that the true 
depth was only 215+ lachters : it became then two feet 
eſs than that which reſulted from my obſervations. 

Thns the barometric meaſurement gave four feet 
ſs than the geometrical meaſure for the former of the 
depths, and two feet more for the latter. 


I was 
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qu m'avoit ẽtẽ donne de la meſure geometrique; et je priat M. le Baron ps 
Dey de la faire examiner. La perſonne qu'il chargea de ce ſoin, fut fon 
eve, qui eft tres Eclaire dans tout ce qui concerne les mines. Ill verifia donc 
tte note avec Mr. RAusch le gẽomẽtre en chef; et ils trouverent, qu'en pre- 
unt en detail les profondeurs des differentes parties de la mine, dont la ſomme 
&voit donner la profondeur totale, on avoit poſe deux fois une de ces parties; 
kelorte que la vraie profondeur n'<toit que 2154 lachters. Elle toit done alors 
Windrede 2 pieds, que celle qui reſultoit de mes obſervations, 

Ainft la meſure baromẽtrique avoit donné 4 pieds de moins que la meſure 
Fometrique pour la premiere des profondeurs, et 2 pieds de plus pour la der- 
nere. 


r Je 
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I I was at firſt as much ſurprimed . as ſatisfied with this 
RY which I did not expect notwithſtanding my 
former experience; and I ſhould not have been ſurprized 
to find two or three fathoms difference either way. But, 
reflecting on it afterwards, I perceived that there ought 
to be more certainty in the barometric meaſure for the 
depth of mines, than for the height of mountains; ; and 
that for the two following reaſons. 

Firſt, that in making theſe obſervations along the 
ſhafts of mines we go but little from the ſame vertical 
column, and by that we know with certainty the weight 
which compreſſes the part which we meaſure: whereas 
in mountains, even the ſteepeſt, the obſervations are made 
in columns of air which are far enough from one ano- 
ther to be liable to ſenſible differences on that account; 
and 


— 
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IJ fus | abord auſſi ſurpris que content 10 cette n a Fs je ne 
m attendois point malgre mes precedentes experiences; et je n'aurois pas cts 
Etonne de trouver 2 au 3 toiſes cart dans Pun ow Pautre ſens. Cependant, | 
reficchiſſant enſuite, Jai compris qu'il doit y avoir, plus de ſurets.dans la meſut 
barometrique pour la profondeur des mines, que pour la hauteur des montagne 
et cela par les deux conſiderations ſuivants. | 
La premiere, qu'en faiſagt ces obſervations le long 4 1 des mines, 00 
carte peu d'une meme colonne verticale; et Von connoĩt ainſi ſurement le 
poids qui comprime la partie qu'on meſure. Aulicy que dans les montagnes, meme 
les plus rapides, les obſervations ſe font dans des colonnes d'air aſſez Eloign®s 
Pane de Vautre, pour qu'il puiſſe y avoir des differences ſenſibles à cet Egard; 
que 


e 
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and that if, for example, the higher barometer were 
moved horizontally as far as the column which reſts 
upon the ſtation of the lower one, it would not ſtand at 
me ſame point as when it was on the mountain; which; 
however, is ſuppoſed in the formula. 

The other circumſtance reſpects the homogeneity of 
the air. In the open air a thouſand lateral cauſes may 
introduce into the portion of the column which we mea- 
ſure ſome layers of air different from thoſe of the two 
extremities, were it only in point of heat, And in that 
reſpect the correſpondent obſervations nearett the foot of 
the mountain are not always the moſt certain, becauſe 
of the reflexions- of the fun, and even of the winds 
which carry the vapours; and the reſult mult be that we 
very often find the heights too ſmall. I ſhall not ſtop to 


| prove 
BY que par exemple, fi le baromẽtre ſuperieur ẽtoit avance horizontalement juſqu'a 
* {: colonne qui pale ſur la ſtation inferieure, il ne ſe tint pas au meme point que 
" {ur !2 montagne; ce qui nẽantmoins eft ſuppoſe par la formule. 

* Lautre circonftance regarde Phomogeneite de Pair. En plein air, mille 
55 


eauſes latẽrales peuvent introduire dans la portion de colonne qu'on meſure, des 
couches d'air differentes de celles des deux Extremites;z ne fũt-ce que differem- 
ment chaudes. Et a cet ẽgard les obſervations correſpondentes les plus pres du 
pied des montagnes ne ſont pas toũjours les plus ſires a cauſe des reflexions du 
Soleil, et de celles des vents qui charient les vapeurs: et il doit en rẽſulter tres 


fouvent qu'on trouve les hauteurs trop petites. Je ne warrcteral pas a le mon- 
Vo k. LAI + i A trer, 
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prove it. In mines, on the contrary, the air being in- 
cloſed as in a canal, where it is always in motion, it con. 
tinually intermixes and becomes more homogeneous: it 
contracts there a temperature which 1s more uniform or 
more gradually different, ſo that we can more certainly 


fix the mean ſtate of it. 
On theſe two accounts, therefore, barometric meaſure; 
ought to be more regular in moſt mines than on the ſidez 
of mountains; becauſe the obſervations are made nearly 
at theextremities of one and the ſame column, and becauſe 
the whole column is more nearly ſimilar to its extremities: 
conſequently we are ſurer that the particular caſe is not an 
exception to the rules. Now it has happened, that in al 
the obſervations which I have made in the Hartz mines 
my rules, drawn from a mean among my obſervations in 
open 


— 


trer, Dans les mines au contraire, Pair ẽtant renferme comme dans un cani, 
ou il eſt toũjours en mouvement, ſe mele ſans ceſſe et ſe rend plus homogene: 
ſurtout il y contracte une temperature plus uniforme ou plus graduellement i 
ferente; enſorte qu'on peut plus ſurement en fixer le terme moyen. 

Les meſures barometriques doivent donc, par ces deux conſiderations, tre 
plus regulieres dans la plupart des mines, que ſur les pentes des montagnes; cel 
a dire parce que les obſervations ſont faites à peu pres aux extremites de la meme 
colonne, et que la totalite de la colonne a des rapports plus reguliers avec ſe 
extrẽmitẽs. Ainſi Pon eſt plus ſir que le cas n'eſt pas une exception aux regie 
Or il ſe trouve en meme tems, que dans toutes les obſervations, que j'ai fats 


dans les mines du Hartz, mes regles, tirces du milieu entre mes obſeryations ct 
plc; L 


v# = 


nn dhe Miner of the Hartz. 495 
oben air, have agreed with the geometric meaſures, 
which ſeems to indicate that the uſual ſtate of the air of 
the mines is a mean among the different ft ates of the 
exterior air as found in the whole of my obſerva- 
tions; the almoſt conſtant ſtate of the heat in the mines 
may be the principal cauſe of it. 


As to the geometric meaſures themſelves, I might 
here give ſome very intereſting proofs of their exact. 
neſs by the deſcription of the aftoniſhing works which 
are undertaken in conſequence of them; but I ſhould be 
afraid of being too tedious. And, beſides, we may de- 
pend on the miners for the exactneſs of thoſe meaſures, 
they being more intereſted in them than we are. I ſhall, 
therefore, conclude this paper with ſome general re- 
marks on barometrical meaſurement. ; 


So 
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plein air, s'y ſont accordees avec les meſures gẽomꝭtriques; ce qui paroit indi- 
quer, que Vetat habituel de Pair des mines, eſt moyen entre les divers ẽtats ou il 
geſt trouvé dans la totalite de mes experiences; et Petat preſque conſtant des 
mines quant à la chaleur, pourroit bien en etre la principale cauſe, 

Quant aux meſures geometriques elles memes, je pourrois donner ici des 
preuves tres intẽreſſantes de leur exactitude, par le tableau des ouvrages ẽtonnans 
qu'on entreprend d'apres elles; mais je craindrois d'etre trop long. Et d'ail- 
leurs nous pouvons nous en rapporter aux mineurs ſur PexaCtitude de ces me- 
far2s; ils y ont un plus grand interet que nous. Je conclurai done ce memoire 
Par quelques remarques generales fur la meſure barometrique, 
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So long as in this meaſurement we ſhall confider a 
given only the differences in the weight and heat of the air 


at the places of obſervation, we ſhall be ſubject to errors; 


becauſe there are many other cauſes of modification in 
the air: and all the exactneſs to which. we can pretend 
will be to.determine a formula which preſerves a mean 
among the poſſible variations. 


This is what I have propoſed to ey in my own for- 
mula; and it ſeems to anſwer this end. In the different 
trials which have been made of it, it has ſometimes given 
the heights too great, at other times too little, without 
diſtinction of climate. Thus, for example, the experi- 


ments at Spitzbergen by Lord MULGRAYVE, and at the 


Pike of Tenerifte by Mr. DE BORDA, one of the French 
academicians, gave the heights too great; thoſe of 
Col. 


= - = _ | — 


Tant qu'on n' aura pour donnees dans cette meſure, que les differences de poid 
et de chaleur de Pair aux lieux des obſervations, on ſera ſujet a des erreur; 
parce qu'il y a bien d'autres cauſes qui modifient l'air: et toute PexaAitude 3 
laquelle on pourra pretendre, ſera de determiner une formule qui garde le milieu 
entre les ecarts poſſibles. 

C'eſt la ce que je me ſuis propoſe dans la mienne, et elle paroit rEpondre a et 
but. Dans les diverſes Epreuves qui en ont ete faites, elle a donne quelquefai 
les hauteurs trop grandes, d' autres fois trop petites, ſans diſtinction de climat, 
Ainſi par exemple; Eprouyee au Spitzberg par mylord MULGRAVE, et au Pic de 
Tenerifte par M. Dt BoRDA l'un des Academiciens Frangois, elle a dorne les 


hauteurs trop grandes; et dans les obſervations de M. le Col. Kor et de M. e 
Cher. 
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col. Kor and Sir GEORGE SHUCKBURGH, made in mean 


atitudes, and partly in the places where I myſelf had 
abſerved;. gave them too little. 
Theſe differences, do not ſeem to depend on the cli-- 
mate, and indeed I have frequently obſerved them to 
happen in the ſame places. Thus, for example, my ob- 
ſervation on the Glaciere de Buet, cited by Sir GEORGE 
$HUCKBURGH, gives the height of that mountain a little 
eſs than the geometrical meaſure; but Mr. DE saus- 
SURE having repeated the barometrical obſervation, it 
agrecd with that meaſure by the {ame tormula; and Mr.. 
MARC PICTET, by a third obſervation, found the height: 
alittle too great. In theſe three obſervations, the parti-- 
culars of which I omit, the correſponding point was Ge- 
neva, diſtant about ten or twelve leagues. 

At 


— — — —— — 
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Chevy. scHUCKBURGH, faites dans des latitudes moyennes, et en partie dans les 
leux ou Jai moi meme obſerve, elle les a donne, trop petites. 

Ces differences ne paroiſfent donc pas tenir aux climats; et en effet je les ai 
obſervẽes frequemment dans les memes lieux. Ainſi par exemple, mon obſerya- 
tion ſur la Glaciere de Buet, citce par M. le Chev. scHUcKBURGH *, donne la 
hauteur de cette montagne un peu moindre que la meſure geometrique: mais 
M. pz saussURE ayant repete Pobſervation barometrique, ſe trouva d'accord 
avec cette meſure, par la meme formule; et M. MARC PpicTET, dans une troi- 
ſeme obſcrvation, trouva la hauteur un peu trop grande. Dans ces trois ob- 
ſervations, dont je ne rapporte pas les details, le point correſpondant Etoit Ge-- 
ave, diſtant de 10 à 12 lieues. 


Phil. Tranſ. 1777. A 
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At that diftatice there are doubtleſs ſome cauſes of vn. 
riations which are irremediable; fince the formula ſup- 
poſes that the obſervations are made in the ſame column 
of air. It is therefore only in the cafes in which that 
ſuppoſition approaches near the truth that we can hope 
to perfect the rule. But this can only be by introducing 
new conditions into it; that 1s, other modifications of 
the air, of which we have not as yet taken any account; 
In meditating on the cauſes of the diverſity of reſults 
in experiments, it has always appeared to me, that the 
differences of the effects of heat on the air, according to 
the different ſtates of it, was the principal; that is, that the 
air not being always of the ſame nature, heat, that grand 
cauſe, whoſe effects we ought principally to determine, 
does not always act equally. Beſides the particular ex- 
| periments 
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A cette diſtance ſans doute il y a des cauſes d ẽcarts qui font irremediables 
puiſque la formule ſuppoſe que les obſervations ſont faites dans une meme co- 
lonne air. Ce n'eſt done que pour les cas on cette ſuppoſition approche de l 
veritẽ, qu'on peut eſperer de perfectionner la rẽgle. Mais ce ne ſera qu'en y i. 
troduiſant de nouvelles conditions; c'eſt à dire d'autres modifications de Val 
dont on n'a pas tenu compte juſqu' ici. 

En ẽtudiant les cauſes de la diverſitẽ des reſultats dans les experiences, il m'a 
toujours paru, que la difference des effets de la chaleur ſur l'air, ſuivant qu'il ef 
lui meme conftitue, Etoit la principale: c'eſt à dire, que Pair n'etant pas tou- 
jours de meme nature, la chaleur, cette grande cauſe dont il faut principalement 
determiner les effets, n'y agit pas toujour egalement, Outre les experiences 

4 particulieres 
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periments which prove it, we can attribute to theſe dif- 
ferences only thoſe of the reſults of the reſearches of 


ome philoſophers concerning the dilatations of the air 
by heat, applied to various phyſical uſes. 

In a paper lately read at the Royal Society, on the ſub- 
ject of refractions, I analyſed and compared different for- 
mulæ of this kind, given by philoſophers on whom we 
can depend. The reſult of that examination was that, 
ſuppoſing the volume of air = 1000 when the Engliſh 
thermometer of FAHRENHEIT is at 32?, if the heat of 
the air be increaſed 22,8 degrees of this thermometer, its 
volume will be, 


According 


* 
— — — 82 — — 


particulicres, qui le prouvent, on ne peut attribuer qu'à ces differences, celles 
des rẽſultats des recherches de divers phyficiens ſur les dilatations de Pair par la 
chaleur, applique-s a divers uſages phyſiques. 

Ceſt 3 Poccaſion des rẽfractions, que, dans un memoire lu il y a peu de tems. 
2 la Societe Royale, Jai analyſe et compare differentes formules de cette eſpece, 
Connees par des phyſiciens, ſar qui Von peut compter. Il eſt reſulte de cet exa- 
men, qu'en ſuppoſant le volume de Pair = 1000 lorſque le thermometre Anglois 
de FAHRENHEIT eft à 32*, fi la chaleur de Fair augmente de 22,8 degres de ce 
thermometre, ſon volume ſera; 


Suivant 
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According to Mr. Abbe DE La CAILLE, 1040 
— - Mr. Profeſſor MAYER, 1046 
— - Mr. BONNE, — 104% 
- - - Sir GEORGE SHUCKBURGH, 10 50,5 


- - Dr. BRADLEY, — 1054, 
Here then are great differences in this point only, 
namely, the effect of heat on the denſity of the air; dif. 
ferences which muſt have a viſible effect in all meteorolo- 


gical phenomena. Doubtleſs they proceed, in a great 
meaſure, from the different degrees of dryneſs of the air, 
which we can no longer doubt of, ſince the intereſtingex- 
periments of Col. Roy with the manometer*. This is the 


fame cauſe'to which I imputed the greateſt variations in 
my experiments in open air, and which obliged me to 


conclude 
— — — — — —— —— — — — — — a 
| 
Suivaat M. PAbbe DE LA CAILLE, 1040 
Suivant M. le Prof. MAYER, 1046 
Suivant M. soxxx, 1047, 0 
Suivant M. le Chev. sHUCKBURGH, 1050,5 ; 
Suivant M. le Dr. BRADLEY, 1054 4 . 


Voila donc de bien grandes differences ſur ce ſeul point, l'effet de la chalew 
fur la denſite de Pair; differences qui doivent agir dans tous les phẽ nomẽna 
mẽtorologiques. Elles procẽdent fans doute en plus grande partie des different 
* de ſecherefſe de l'air; on ne peut plus en douter depuis les intereſlants 
en de M. le Col. Roy avec le manomꝭtre x. C'eſt cette meme caul 
due J avois ſoupconnee de produire le plus d' ecarts dans mes experiences en plein 
air, et qui m' obligea a conclure ma correction pour les effets de la chaleur ſu 
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conclude my correction for the effects of heat upon the 
ir from a mean among my numerous obſervations. 
Now this mean, reduced to the ſame term of compariſon 
35 above, is 1047, which is alſo a mean among thoſe dif- 
ferent reſults. 

Theſe differences therefore ſhew us, that atmoſpheri- 
cal air is not a ſubſtance that is homogeneous and con- 
ſtantly the ſame; and that next to the care of making as 
many obſervations as poſſible in the maſs of air itſelf 
which it concerns us to know, the only means of deter- 
mining more exactly its various influences is to multiply 
our meteorological inſtruments. 

Barometrical 


—_— — — 


— 


kur, par un milieu entre mes nombreuſes obſervations, Or ce milieu, reduit 
u meme terme de comparaiſon ci deſſus, eſt 1047, qui ſe trouve ètre auffi le 
milieu entre ces divers reſultats. | 

Ces differences nous montrent donc; que l'air atmoſpherique n'eſt pas une ſub- 
ſtance homogene et conſtamment la meme; et qu? apres le ſoin de faire autant 
qu il eſt poffible, les obſervations dans la maſſe meme de Pair qu'il nous importe 
ee connoitre, le ſeul moyen de determiner plus exactement ſes diverſes influences, 
"de multiplier nos inſtrumens de mẽtẽorologie. 


Vot, LXIX. U u u Ob/ervations 
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Barometrical Obſervations in the Deep St. — 
July the 57h, 1778. 


Time, Bar. corrected Therm. in 
| by its ther m. the air. 


JH Inches. 


At the ent. of the mine, 4 50 night 26.6224. 
d- 2 — 26. er Fo 


The mean, = 26.6 25 


—ẽ—m— — 


At the George Gallery, 5 50 night 27 4 05 
8 15 — 27. e 


The mean, - 27 42 19 


— — — — 


At the level of ther 1ttG. 7 30 night 27.9792 — 8 
Calculain 


— — 


— - * — 
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Obſervations baromitriques au Profond S t. Jean, le 5* Juillet, 1778. 


Bar. corrigE Therm. dans 
ſon therm. 7 
| h ” P. L. 
Alentree de la mine, 4 50 ſoir 26.73 — 5. 
9 5.ſoir 26.73 T - #4 
Terme moyen, 26.755 — 6 
A la galerie George, 5 50 ſoir 27.5 —17 
8 1 5 ſoir 27. $15 — IT 
Terme moyen, 27.576 — 17 
— IJ —— _——— 


Au niveau de Ponzieme gal. 7 z3o ſoir 27.1112 "cl 
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Calculation of the Depth of the George Gallery. 


Barometer at the gallery, 27,4219=5265 (192ds of an inch) Log. 37213984 
At the entr. of the mine, 26,6250=5112 3708 5908 


— ͤ ——— Ao 


Differeace 123076 


Heat of the air at the gallery, —17 
At the entrance of the mine, — 61 
22212 22 to deduct 2977 


rooodths of a French fathom, 125099 


Ir to add, — — 2051 
Lachters 127.1 50 
Calculation 


— — 


— — 


1 
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Calcul de la profondeur de la Galerie George. 


Bar, à la Gal. — 27.5.1 = 5265 (1652 de lig.) Log. 3721 3984 
A lVentree de la mine, 26.7.8 = 5112 37085908 


| Difference 128076 


Chaleur de Pair à la Gal — 17 
A la cntree de la mine — 64 


231 = 2 deduire 2977 


1000 
ooo de toiſe de France, = 125099 
or à ajouter, — — 2051 


— 


Lachters 127, 150 


— 


Uu u 2 Calcul 


1 
4 
[ 

. 


— 


=— 4 


— — 
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Calculation of the Depth of the 11th gallery. 


Barometer at the gallery, 27.9792 = 5372 Log. 37301960 
At the entrance of the mines, 26.6250 = 5112 37085908 


4 — ens 
Difference 215452 


Heat of the air at the gallery, — — 8 


At the entrance of the mine, — — 62 
— 144 —— — to deduct 3070 
| 1000dths of a French fathom, | 212482 
er to add, SO om be 3482 


nnn. 


Lachters 21 5.80 


— 


— 


* 
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Calcul de la profondeur de Ponzitme galerie. 

Bar. à la galerie, — 27.1145 = 5372 Log. 37301360 
A Ventreede la mine 26. 718 = $112 37085qol 
: Difference 21 $452 

Chaleur de Pair à la gal. — 

A Pentree de la mine, = 

a deduire 3070 
1000 de toiſe de France, 212302 
er à ajouter, — — 3402 


2 | = S 
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XXII. on the Preceſſion of the Equinoxes produced by 
the Sun's Attraction. By the Rev. Mr. Iſaac Milner, 
M. A. and Fellow of Queen's College, Cambridge; 
communicated by the Rev. Dr. Shepherd, F. R. S. 


Read June 24, 1779. 


F the actions of the Sun and Moon upon the different 
parts of the earth were equal; or if the earth itſelf 
vere perfectly ſpherical, and of an uniform denſity from 
the center to the ſurface; in either caſe the attractions of 
thoſe remote bodies would have no effect on the poſition 
of the terreſtrial equator, and the equinoctial points 
would conſtantly be the ſame in the heavens. But it was 
impoſſible to give the earth a rotatory motion round an 
xis without giving at the ſame time a centrifugal force 
toits parts. This force is greateſt at the equator, and is 
n a contrary direction to that of gravity; on either ſide 
of the equator the force is leſs; and, moreover, only 
part of its effects is oppoſed to that of gravity. It is uſual 
in determining the figure of the earth to conſider the 
Whole maſs as in a ſtate of fluidity, and the different co- 


lumns as ſuſtaining one another at the center. If the 
earth 
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earth be conſidered as a hard body, firmly cohering in itz 
parts by ſome other force beſides that of gravity, it does 
not ſeem neceſſary that the different columns ſhould be 
ſuppoſed to ſuſtain each other at the center, though in 
both caſes the direction of gravity muſt at every point of 
the ſurface be perpendicular to the tangent of the figure, 
But we know, that there is a conſiderable quantity of 
water upon the ſurface of the earth; and, therefore, if 
the equatorial regions were not higher than the polar, 
they certainly would be overflowed by the Ocean, which 
is contrary to experience; and for this reaſon the propor- 
tion of the diameters of the earth, determined upon the 
falſe ſuppoſition of an entire fluidity, cannot differ much 

from the truth. "7 
$ 2, But the preceſſion of the equinoxes, which de- 
pends upon the unequal actions of the Sun and Moon on 
the protuberant parts of the earth at the equator, vil 
not be the ſame in theſe different hypotheſes; at leaſt we 
can never be certain that it will be ſo until we have com- 
puted their effects, and the computation itſelf muſt pro- 
ceed on different principles. Suppoſe the earth to bt 
fluid under the form of an oblate ſpheroid; or, what 
more ſimple, ſuppoſe the region of the equator to be {ut 
rounded with a ring of fluid matter, and the unequl 
action of the Sun will diſturb the figure of the ring, aul 
communicate 


Preceſſion of the Equinoxes. — 
communicate a motion to its parts. Suppoſe we kriew 
the preciſe diſturbing force of the Sun upon any one 
particle of this ring according to its ſituation; in that caſe 
we could eaſily find the velocity which would be com- 
municated to ſuch. a particle in any given time; but the 
© mutual actions of the fluid particles upon each other 
could never be exactly eſtimated, much leis their effects. 
in endeavouring to turn the whole earth round its cen- 
t, ter. However, it is eaſy to ſee, that in the caſe of a hard 
bl ring of matter cohering cloſe with the ſurface of the 
- earth at the equator, both the law by which the particles 
eat on each other, and on the whole maſs of the earth, 
u will be widely different from the caſe of fluidity, and the 

effects much greater in altering the poſition of the axis 
e-M of rotation. 


'— os. MY on 


To explain this by an eaſy example (fig, I,) let A, B, 
and c, repreſent three ſmall bodies in the ſame horizon- 
Jul line ax. Suppoſe a to deſcend by any accelerating 
force as gravity; B to deſcend by the ſame force, a leſs or a 
greater; and c not to be acted upon at all: in every one 
of theſe caſes the bodies a and B will deſcend with their 
reſpective velocities, and the body ec will preſerve its 
ſituation. If a and B are ſmall particles of fluid of any 
form, and c a hard one, and if the particle a be placed 


* 
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in contact with B, have its center of gravity a little above 
the center of gravity of , and is acted upon by the 
greater acceleratin 8 force; ; in this caſe we may conceive 
how the action of A may | iu the motton of B, andin 
the fame way how' the hard particle c may receive: 
{mall motion from the actions of a and B. Then thi 
motion mult be extre! mely little compared with the 
whole motions of à or B, and ſtill a great deal leſs ift 
be ſtrongly connected with a ftring of hard partide 
along the line cx, ſo that c cannot be moved without the 
whole line cx turning round the immoveable' centery 
Now if A, B, and c, be ſuppoſed hard particles firnlh 
connected to the lever Ak, then it is plain that the velo- 
city of c, whatever it is, muſt be in proportion to that 
a and B as their reſpective diſtances from x the center d 
motion, and this, whatever the impulſive forces are with 
which A and B; are urged in their reſpective directions. 

The body c being ſtill ſuppoſed void of gravity, k 
the bodies à and B be urged by forces perpendiculat u 
AE in any ſmall equal times through the unequal ſpach 
5 and i, and let the magnitudes of the bodies be repre 
ſented by Aa, B, and c reſpectively. Then the ſpace 
through which A is actually urged in that time vil 


eaſily appear from mechanics to be repreſented b 
— AX 


cf 


CW 


— — 


Precefſion of the Equinoxes. 509 


aXAEX 5 +BXBEX?IXAE and the ſpace deſcribed by c is 
AXAE*+B Xx BE +C XxX CE | 


6 


axarxs +BxBEXIXCE See article the 1 3th. 
TXA E +BXBE'+CxXCE* | 


$ 3. The preceding article being well underſtood, 
whatever doubts may remain concerning the motion of 
a ring of matter conſidered as detached from the earth, 
we may be certain that the motion of the nodes of the 
equator can never be the ſame, whether we ſuppoſe the 
ting at the equator to be fluid and to reſt upon the ſur- 
face of the earth, partaking of the diurnal motion, or 
whether we ſuppoſe it hard and compact, and by its co- 
heſion communicating a proportional degree of motion 
to the different parts of the earth. In fact, the problem 
of the preceſſion of the equinoxes, which has hitherto 
been conſidered as extremely difficult, and in its ſolution 
drawn out by authors to an immeaſurable length, re- 


quires no principles but the received doctrine of motion, 
and the application of the lever, which have been made 
uſe of in the laſt article. In that article we ſuppoſed the 
bodies a and B to be impelled by different forces in pa- 


allel lines, and we eſtimated the real ſpace, which either 
Aor e in any ſmall time would deſcribe in conſequence 
of thoſe impulſive forces and their mutual connection 
by an inflexible lever. Now this is preciſely what is re- 
Vol. LXIX. X x Xx quired 
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quired to be done in the caſe of the Sun $ unequal action 
on the protuberant parts of the equator. The exceſſes 
or defects of that unequal action are to be conſidered 4 
forces applied to thole parts, which would move them 
according to the different circumſtances through un. 
equal ſpaces proportional to the forces in equal times of 
action, provided the particles were at liberty to mcye 
freely in the directions in which they are urged; and, 
laſtly, the real ſpace muſt be computed through Which a 
particle moves at ſome known diſtance from the center 
of the earth in conſequence of thefe various forces. This 
whole procefs will not differ from the eafy example al- 
ready deſcribed, except in the length of the calculation 
and the proper management of the doctrine of fluxions; 
and it ſeems adviſable in difficult fubjects always to begin 
with ſimple inſtances before we proceed to thoſe which are 
more complex, and to diſtinguiſh the al gebraical opera- 
tions from the principles upon which they are founded. 
$ 4. In order to determine how much any particle of 
the earth is affected by the unequal action of the Sun 
(fig. 2.), let capB repreſent the earth, s the Sun at 3 
great diſtance, and o a plane perpendicular to the line 
ST joining the centers of the Sun and earth. If sx or ST 
repreſent the accelerating force of the Sun on a particle at 


the earth's center, and sL be taken to sk in the duplicate 
ratio 


Preceſſio! on of the Equinoxes. 5 IT 
KO ATHITY If 


ratio of ST tO SP, SL will repreſent t the attraction on any 
r rite Ita, IT , Y h od of 

particle P, and by the refolution of motion 1 or PI. Will 

repreſent | the perturbing force of the Sun on the fame 


particle. By the conſtruQtion SL : SK: Sk : sr, and by 


diviſion KL: sk: : SK*—SP* : SP* : SK TSP PK: 855 and PL 
or 1 is nearly equal to ZPK, and as Zr k is to sk or 87, 
01 is the ſpace deſcribed by v in any ſmall time in the di- 
rection PK, to the [pace deſcribed in the ſame time. by 


the center of the earth in conſequence of the Sun's at- 


traction. This laſt ſpace 1s equal to 72 where 8 repre- 


ſents the arc deſcribed by the earth's center during any 
_ motion in its orbit, and the former is equal to 


This is the ſpace which would be deſcribed by p 


15 


in the direction PK if the particle was at liberty to move 
freely. | Let us at preſent ſuppoſe that no other particle 
is diſturbed by the Sun's attraction except this one, and 
then proceed to enquire into the effects of this diſturb- 
ance when P by its cohefion communicates a motion to 
the different parts of the earth, which is farther con- 
frained to turn round an axis r, the common interſec- 
tion of the plane c and the terreſtrial equator. From 
the laws by which motion is communicated, and the pro- 
perty of the lever, it eaſily appears, as in the ſecond arti- 
Cle, that the ſpace through which any particle of the 

KNEES - earth's 
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earth's equator is ĩimpęlied at the greateſt diſtance f - 
the axis T, is to ===, the ſpace which would be deſcribed 


in the ſame time ** Particle at liberty the magnitude 
of which is repteſented by p, as Px Kx the radius of the 
equator to the ſum of all the particles of the earth mul- 
tiplied into the ſquares of their — diſtances from 
the faid az... b ti ad: Dai nad; r: 

To compute this ſum in | thi eaveſt Te 4 dog an 
approximation, which is quite ſufficient when the polar 


and equatorial diameters differ little from one another; 
let DPE (fig. 3.) be a ſphere whoſe radius is unity, divided 
into an infinite number of thin cy lindrical ſur faces, 
whoſe baſes are the circles NAq; it is obvious, that all 
the particles in any one of theſe ſurfaces are at the ſame 
diſtance ca=x from the axis of motion perpendiculart to 
the plane of the circle NA. Call ap, y, and A, the area 
of the circle DPE and the fluent of 4ax*xy,or of —4Aax'y), 
becauſe xx / gives the fam of all the particles in the 
ſphere multiplied into the ſquares of the reſpective dif- 
tances from the axis. This fluent corrected is equal to 


oo and muſt now be diminiſhed in the ratio of 1 to 
1 25%, if we ſuppoſe the earth to be an oblate ſpheroid 


whoſe equatorial diameter is to the polar as I to 15; 
4 and, 10 
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ad;lafily,the-ſpace deſcribed by particle ub the _ 
ktincefrom the axis is equal to . 


164 Ks X 1— 2 * | 
415: Jn fig! 147 let PIA pr repreſent the earth ortho- 
gaphically-projected on the plane of the ſolſtitial co- 
ure, P, P, the poles, ix a leſſer circle parallel to the equa- 
pr, and Pape a ſphere deſcribed with the polar radius 
r: then, ſince the particles without the globe only are 
oncerned in changing the poſition of the axis of rota- 
ton, let L repreſent ſuch a particle ſituated in the cir- 
camference-of the circle ix, and by the preceding article 


ts effect will be ZS, and by the ſame way of 


I6AxXsST X1—2 p 
rafoning, when two equal particles L, V are fappoled to 


be diſturbed by the Sun's attraction, the ſpace deſcribed by 
at point of the equator, which is at the : greateſt diſtance 


$1 38 i N A ICE I. 
A rom the axi of rotation or the common interſection of 


he plane ep and the equator a, will be equal to 


LQ eee 


67 XL X LM X ur TIN N 


TT Tap e and the fame argument holds for 


wery other particle without the ſphere. 

The ſum of all the Lx LMX MT+8c. muſt now be 

found; and for this purpoſe Sir IsAAc NEwTrON's con- 

truction is, Perhaps, as convenient as any that has hi- 

herto appeared. In the ſame figure Nn is parallel, and 
9 perpendicular, to CD; take Lx=x/, and let u, u, repre- 
ſent 


ſemt the ſine and ns of the a CTP- to the radius 
unity. It is eaſy to prove in his way that LALM xa 


+IxImxmMT is equal to 2Lx7x un L T., and the 
fluent of Lx* multiphed into the Auxion of the circular 
arc LXx is eaſily found in the following manner, without 
having recourſe to tables of fluents, or the methods of 


continuation. 

From a known analogy the fluxion of the arc L is to 
the fluxion of its verſed fine as the radius 1x of the fame 
circle to Læ the right fine. Lx multiplied into the fluxion 
of the verſed ſine is the fluxion of the area of che ſemi- 
circle L and calling 1x, y, the fluent of Lx* multiplied 
into the fluxion of the arc Lx is evidently equal to 


, where a {till repreſents the area of a circle whoſe ra- 
dius is unity: Ayis equal to the ſemi-circumference 1K 
and ayxTx* is equal to the fluent of Tx* multiphed into 
the ſame fluxion, and calling Tx, v, and ſubſtituting for 
17 its equal py, the ſum of all the Lx LMX MTH c. in the 
annulus 17 is equal to ?WXp Ax y=292x%. This laſt quan- 
tity multiplied into the fluxion of v, and the fluent taken 
by the common method when v is equal to TP or unity 


4 & mn 
15 
fum of all ther x LM x MT, without the whole ſphere? 97) 


and therefore the ſpace deſcribed by a particle of the equa- 
tor 


nearly, comes out and twice this quantity gives the 


— 
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in the circle of the Sun's declination while the center 
the earth is. carried through the ſpace 2 of its orbit is 


qual to =, and may be ſuppoſed to be equal to 


N 28%“ * 3 725 


pos , the alteration produced by the correction i in art, 
8 


on account of the ſpheroidical figure of the earth 
king too inconſiderable to affect the concluſion. 


by that point of the equator, which is the interſection of 
the circle of the Sun's declination, is generated by the 
perpetual attraction of the Sun. This attraction may be 
reckoned conftant during the very ſmall time of the 
arth's deſcribing 2 in its annual motion; and, therefore, 
the aid point of the equator, at the end of that time, will 
have acquired a velocity which would carry it through 


puns 


in the fame time. 


$7. LetT repreſent the time of the earth's revolution 
n its orbit, 7 the time of its rotation round its axis, 
md ſuppoſe v to be a ſmall arc ſimilar to & in a circle 
whoſe radius is unity. In figure 5. let aq be the equa- 


vr, and take A 5 equal to 5 and b 7 perpendicular to a+ 


equal to 3 %m nch, and Ab, bt, will repreſent the direc- 
tions and quantities of the two different motions of the 


point a, and conſequently az will be the direction of the 
3 new 


* 
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new equator, and as 46 or Af is to 5, fo is the radius 
unity to the ſine of the angle Ab, and if aQ or ac be 
taken equal to a quadrant; G the meaſure of the angle 
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GAQ is equal to . 


P 9 © 2 


$ 8. Suppoſe s the Sun's place in the ecliptic Ns, N the 
equinoctial point, NA the Sun's right aſcenſion, and ro a 
perpendicular on AN: then 70 is to d as the fine of ay 
to the radius, and 7 N to yo as the radius to the ſine of the 
angle at N the inclination of the ecliptic to the equator, 
and, ex quo perturbate, rN to as the fine of ax to 
the fine of N and 7N the ſmall preceſſion of the equi- 


et fin. NA 
X 
fin. N 


§ 9. In the ſpherical triangle àAs N, the fine of av = 


noxes is equal toʒ pm — 


cotang. N x tang. AS 422 — =, and farther the ſine of 


n x ſin. N 
_ ” — ö kd C 
$N=>— and x is equal to — — vt 


fluent or = x 270 - ſin. 2 0 col. N gives the preceſſion 


of the equinoxes during the Sun's motion through the 
arc Ns of the ecliptic: when Ns is equal to a circle, then 


the whole fluent becomes equal to —— x coſ. N, and 3s 


2 is to 3px coſ. N, ſo is 60x 60x 360 to 21/60 the 
annual preceſſion of the equinoxes in ſeconds produced 
by the Sun's attraction. 


, 8 10. V. 


Precefſion of the Equinoxts.- + , 
' $10. We might now proceed in a ſimilar way to in- 
eltigate the effects of the Moon's diſturbing force, the 
wtation of the earth's axis, and the equation of the pre- 


eſſion; but ſince theſe propoſitions are purely mathe- 
matical, and the computations have already been gone 
trough by other authors, it will be needleſs to repeat 
them here. 

$11. NEWTON was the firſt who attempted to explain 
he preceſſion of the equinoxes from its cauſes. Since 
tis time various other ſolutions have been given us by 
he moſt celebrated mathematicians; and it deſerves to 
e noticed, that, in a caſe where there can be little doubt 
hat he was miſtaken, other authors have found it diffi- 
mult to agree among themſelves in differing from him. 
M. D'ALEMBERT, in the year 1749, printed a treatiſe 
zpreſsly on the ſubject, and has ſince ſaid /, that him- 
Hf is acknowledged to be the firſt who determined 
pzhtly the method of ſolving fach problems. EULER, DE 
1 GRANGE,FRISIUS,SILVABELLE, WALMESLEY,SIMPSON, 
MERSON, have each confidered the ſubject, and perhaps 
de importance of the enquiry would juſtify a minute 
amination into the cauſe of the agreement or difagree- 
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(a; TVailleurs, des geometres, vraiment capables d'apprècier mon travail, 
tabondamment ſupplẽẽ à tout autre temoignage, en declarant que j'ai ouvert 
Premier la route pour reſoudre ce genre de queſtions, See Opuſc. Math, 
V. ſur la Precefſion des Equinoxes. 5 
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reſts be exactly aſcertained. 
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ment of their ſeveral methods; but I am deterred 
from entering ints ſuch a diſcuſſion by the length of 
time which it would require; eſpecially as I think thoſe 
who have read the authors mentioned will eaſily con- 
ceive the ſubſtance of what I ſhould have to obſerve, and 
to thoſe who have not read them I ſhould hardly be able 
to ſay any thing intelligible. 

$ 12. The above ſolution, if it had no other advan- 
tages, is, I apprehend, much more conciſe than any that 
has hitherto been given. Abſtracted from what is ſaid 
by way of illuſtration, articles 4th to gth contain all the 
calculation requiſite, and as I have ſtudiouſly avoided the 
ambiguous uſe of the terms force, vis, efficacia, mo- 
mentum, &c. as well as every doubtful repreſentation of 
times, ſpaces, and velocities, which are often ſubſtituted 
by authors in equations, I believe the whole proceſs will 
appear eaſy, and the evidence upon which the concluſion 


$ 13. The principles deſcribed in articles 2. and 4. 
depend upon the third law of motion, and the property 


of the lever, and are demonſtrated in the following man- 


ner. Every thing remaining the ſame as in art. 2. (fig. 
6.) let av and BR, perpendicular to the right line or axis 
AE, repreſent the forces and directions with which thoſe 
bodies are reſpectively urged, when at liberty to move ; 

I | | freely : 
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feely i in thoſe directions; and let av, Br, Cc, repreſent 
he accelerative forces of the reſpective bodies, as altered 
by their mutual actions upon each other: then, becauſe 
exCCc is the moving force gained by c, and AxvV+BxYR 
the moving force loſt by a and B, regard being had to 
the lengths of the different levers AF, BE, we ſhall have 
ix VV x AE+Bx/YRxXBE equal to Cx ce CE, that is, 


AEX AV=AV+Bx BExX BRB equal to Cx CCx CE, and 
by tranſpoſition A x AE x AV+B x BEx BR equal to CxCE x 


ec x AEX ATT BEX BT. Let 5, 5, repreſent, as in 


rt. 2. the ſpaces which would be deſcribed by the bodies 


and B at liberty in any very ſmall portion of time, and 
kt x be the ſpace which A actually deſcribes in that time 
rhen connected with B and c by the lever ax. The 


quantities ——, , will then be the ſpaces deſcribed 


hy s and c reſpectively; and, laſtly, becauſe the ſpaces de- 
cribed in given times are as the accelerating forces, the 


— 


AXAEXS+BXBEXIXAE 
AXAE +B X BE +C x CE** 


above equation gives x equal to 


The ſame method extends itſelf eaſily to more dith- 


cult caſes, and by its affiitance ſeveral very important 

heorems are briefly demonſtrated. 
\ 14. The reaſoning made uſe of in art. 6. will ap- 
dear very evident to any one moderately verſed in the 
Y y 9 3 elements 
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elements of mechanics and the doctrine of moving 


- forces; and therefore I muſt believe that it is by miſtake 


that one author of note entirely omits ſo neceſſary a ſtep 
which affects the concluſion by juſt one half. When a 
body moves with any velocity in the direction AM (fig, 
7.) which would carry it through the ſpace ad in a ſmall 
particle of time, and any force which may be reckoned 
conſtant for that time urges the body through the ſpace 
De perpendicular to AM, the body at the end of that time 
will arrive at the point c; but joining ac we are not to 
ſuppoſe, that, if that force ceaſed to act, the body would 
proceed in the direction ACL: for take m equal and pa- 
rallel to Ab, and cd in cÞ produced equal to 200, and 
the direction of c at that point will be c the diagonal of 
the parallelogram c dm. 

Thus when a body revolves in any curve by a centri- 
petal force (fig. 8.) we may, with Sir Is AAc NEWTON; 
{ſuppoſe the curve to be compoſed of an indefinite num- 
ber of right lines, and the body to move either in the 
chords or the tangents of the curve; but then we are to 
take care that we make not ſuppoſitions inconſiſtent with 
each other. Let the curve be a circle, and Ap a tangent 
at the point a the direction of the body's motion when 
it arrives at that point, and let Dc, parallel to the diame- 
ter AL be the effect of the centripetal force: then, if we 

2 | ſuppoſe 
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ſuppoſe the body to move along the chord ac, and ſay, 
that the angle cap meaſures the deflection of the path 
in the time of the body's moving through the arc or 
chord ac, we ſhall miſtake by one half of the true quan- 
ity; for draw the tangent at c, and ſince Ad is equal to 
ic from the property of the circle, the angle cdp of de- 
viation is equal to twice the angle cad. The practice of 
NEWTON in a ſimilar caſe, where he is inveſtigating the 
horary motion of the lunar nodes in a circular orbit, is 
entirely conſiſtent with this. See the Principia, lib. III. 
prop. 30. = 

$ 15. M. D'ALEMBERT has lately charged $1MPsON's 
account of the preceſſion of the equinoxes with ſome. 


miſtakes of this nature in his ſecond lemma; but, in 
juſtice to SIMPSON, I muſt ſay, that, whatever other de- 
fects there may be in his paper, I am convinced, after the 
moſt diligent attention, that thoſe alluded to are without. 
foundation. 


$ I6. Sir ISAAC NEWTON firſt obſerved, that an ho- 
mogeneous globe could not poſſibly retain many diſtinct 
motions, without compounding them all into one, and 
revolving with a ſimple and uniform motion. about all. 
invariable axis. When two forces impreſs upon a globe 
two diſtinct circular motions /, he briefly concludes in 


| (%) See Principia, lib, I. prop. Lxv1, coroll. 22. 
. his- 


#5 15 tx EA a 

18 way, from the laws of motion, that it is th e fame thing 
as if thoſe two forces were at once imp in the com- 
mon interſection of the equators of thoſe motions, and 
upon this principle we ſuppoſed a7 in art. 7. to be the 
direction of the new equator. In order to remove any 
doubts that might ariſe about the juſtneſs of this mode 
of compounding motion, FR1s1Us has given a geometri- 
cal demonſtration of the principle: but the thing may 
be ſhewn much more eaſily in the following manner, 
Suppoſe (fig. 9.) RB, AB, to be two axes about which 
every point in the plane An PR tends to move with veloci- 
ties as the reſpective diſtances from the axes; let pq per- 
pendicular to AB be to PR perpendicular to RB as the an- 
gular velocity of ? about RRB to the angular velocity of 
the ſame point about AB, and let the velocities be in con- 
trary directions: then, I ſay, every point in the plane 
will move with a velocity proportional to its diſtance from 

the axis eB, Firſt, it is evident, that any point c in the 
axis RB will move round ps with a velocity proportional 
to its diſtance c n. for the point c lying in the axis RB 
has no velocity round RB, and cM is proportional to CN. 
Draw Pc parallel to as, and any point p in that line will 
move with a velocity proportional to Dv, which is per- 


pendicular to px, for the following reaſon. 
The 
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The velocity of Þ is equal to the difference of its two 


ence of D's velocity round RB, and P's velocity round AB, 
ince all the points in pc move with the ſame velocity 
wand AB. Draw DT parallel to cx, and this difference 
will be proportional to Pr, becauſe the velocities of e 
ound RB, AB, are ſuppoſed equal to each other, and pr 
z proportional to DV, and every point in the plane moves 
wund PB with a velocity proportional to its diſtance; and 


he ſame thing may be ſhewn when any point is taken 
rithout the plane ABC PR. 

17. Becauſe any point c in the axis RB moves with 
the ſame velocity round PB as it does round AB, the angu- 


ar velocities round the two axes AB, PB, will be to each 
other inverſely as their reſpective diſtances N, ; and 
becauſe N: :: PB: PC and PR: P:: PC: CB, it fol- 
lows, hat PB the diagonal of the parallelogram PGBC will 
repreſent the angular velocity of the revolving plane, when 
Bo, BC, are taken to each other as the angular velocities 
of the ſame plane round thoſe reſpeciive axes. 

$18. From this it clearly follows, that the reaſon 


given by SIMPSON ©, in his miſcellaneous tracts, of the 
ufference between his own ſolution and that of NEWTON 
in the Principia, cannot poſſibly be the true one. It 


(c) Pages 44. and 45. 


« appears 


ſelocities round the reſpective axes RB, AB, or the differ- | 
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e appears further,” ſays he, © by peruſing his thirty-ninth 
ce propoſition, that he there aſſumes it as a principle, that 
« if a ring encompaſſing the Earth at its equator, but de- 
l tached therefrom, was to tend or begin to move about 
« its diameter with the ſame accelerative force or angular 
& celerity as that whereby the earth itſelf tends to move 
„about the ſame diameter through the action of the 
Sun, that then the motion of the nodes of the ring end 
& of the equator would be exactly the ſame.” 
The principle is certainly implied in NEWTON's proof, 
and is capable of the moſt rigid demonſtration, art. 16, 
BE | 
$ 19. It will be aſked then, where is the fault of NEW. 
' ToN's reaſoning? How comes his concluſion to be too lit- 
tle by above one half? It is acknowledged on all hand 
that there 1s an error in his third lemma; but then the 
correction of that error makes only a very ſmall altera- 
tion in the reſult. 

It is 1mpoſlible for any one to form a complete judge- Wo 
ment of his method without going through the whole of 
his calculations, which pre-ſuppoſes that the mean mo- Wc 
tion of the lunar nodes 1s computed. This motion may Wa 
be conciſely determined and exactly enough for the pur- Ut 
poſe from prop. 30. of the Principia, and from thence is Hl 


interred the motion of the nodes of a ſatellite revolving 
in 


= 3 2 Yr 1 = = WW 
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Preceſſion of the Equinoxes. $25 
the plane of the equator at the ſurface of the earth 
jth a velocity equal to that of the earth round its axis. 
ye are then to ſuppoſe, that the mean motion of the 
des of a ſatellite, revolving with ſuch a velocity, is the 
kme with the motion of the nodes of a ring of rigid 
natter ſurrounding the earth at its equator, and revolv- 
bg with the ſame velocity. This laſt hypotheſis is ad- 
nitted by $1MPsON, who thinks that his own ſecond 
Emma contains a full demonſtration of the point. For 
my own part, I believe with FRIs1Us, that we are to look 
here for the material error in NEWwToON's ſolution of the 
problem. It is evident, that the rue motion of the nodes 
of the ſatellite, and the ring of matter, are not the ſame; 
and it 1s by no means obvious, that their mean motions 
ae ſo. The mean motion of the nodes of a ring of hard 
matter cohering together is very eaſily computed by the 
nethod in art. 4th to the gth, and turns out nearly dou- 
lie the mean motion of a Moon revolving at the ſurface 
of the earth with the ſame velocity. 
It is a very intereſting enquiry to find out the real 
auſe of the miſtake in the Principia, lib. III. prop. 39.3 
andtherefore at a future opportunity I may, perhaps, con- 
der this particular part of the ſubject more attentively. I 
lave long been ſatisfied with the account already given,and 
Vol. LXIX, 2 2 K ſhould 
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$26 Mr. MILNER on the Preceſfion, &c. A 
ſhould probably have remained fo, if M. v' ALEMBFRT (a) 
in his Opuſc. vol. V. had not perſiſted to affirm, that the 
mean motion of the nodes of the ring of matter and 0 
the ſatellite were the ſame. 

This opinion of fo celebrated a 3 Taiſeg 
ſcruples in one's mind; and ſhews, that when we ven 
ture to differ from Sir Is AAN NEWTON in theſe matters, i 
is with the utmoſt difficulty that we can arrive at cer 
tainty. F | | 


(d) Il n'y a de parite que dans le mouvement moyen de ces deux anneaux, Gy 


part et d autre; ainſi la comparaiſon du monvement de Vanneay avec celui de la 
lune, ſerviroit tout au plus a trouver le mouvement moyen de Panneau, ou de | 
preceffion des ẽquinoxes, mais nullement à determiner. la nutation de. 
equation de la preceſſion. 
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XXIII. An Examination of various Ores in the Muſeum 
of Dr. William Hunter. By George Fordyce, M. D. 
F. R. S. and Mr. Staneſby Alchorne. 


Read May 20, 1779. 


INERS and aflay-maſters being generally em- 
ployed in finding out metals for profit, without 
Inquiring into the ſtate or combination they are in, have 


gate the quantity of metal, gueſſing often at its ſtate or 
combination; and ſpecimens being procured from them 
tor cabinets, an erroneous account has not only been 
given of their contents, but theſe errrors have alſo crept 
into books of natural hiſtory : for this reaſon Dr. FORDYCE 
determined to affay many of the donbtful ſpecimens, by 
procefles better adapted to find the ſtate or combination 


the aſſiſtance of his friend Mr. ALCHORNE. The reſult 
Jof ſome of their inquiries they now lay before the So- 
ciety. | B 

nne N The 


made uſe of proceſſes adapted, in many caſes, to inveſti- 
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828 Dr. FORDYCE and Mr. ALCHORNE's 

The firſt ore we mean to conſider is called gold pyrites, 
Pyrites is an ore of iron, containing ſometimes copper, 
ſometimes arſenic, ſometimes other metals; generally, if 
not always, combined with ſulphur. 

This ore, from its yellow colour, has at firſt fight been 
often taken for an ore of gold. It is the moſt common of 


all ores, and on examination 1s very ſeldom found to con- 
tain gold. Specimens, however, have been found from 
which gold has been procured; and, particularly, there 
have been found in Fatchobuigna near Zalatna, in Tran- 
ſylvania, maſſes which contain a large proportion of this 
metal. Sometimes the gold is in its metallic form, and 
viſible to the naked eye; ſometimes it is not: and in 
theſe caſes the ore has been thought to contain the gold 
united firſt with iron, and that compound united with 
ſulphur. 

Dr. FORDYCE obſerves on this propoſition, that it has 
not as yet been proved, that a compound metal can be 
combined with ſulphur. If two metals are ſoluble in 
ſulphur, and each be ſeparately combined with it, the 
two compounds may be diffuſed through one another, as 
is the caſe with the compounds of ſulphur and iron, and 
ſulphur and copper; which may be diffuſed through one 
another : but if we have a compound of two metals, of 


which one is ſoluble in ſulphur, and the other is not, if 
we 


Examination of various Ores. 529 
ge apply ſulphur to this compound, it will diſſolve the 
r Wore, and leave the other; as, if gold and ſilver be com- 
fMhined, if we reduce the maſs to fine particles, and mix 
hem with ſulphur, and throw them into a crucible, . 
n MWhcated white hot, and afterwards melt the whole maſs, . 
fWihe filver will combine with the ſulphur, and the gold 
- sil fall to the bottom of the veſſel. This being the caſe, - 
ve doubted: whether this ore contains the gold in its me- 
allic form, only mechanically mixed with the pyrites; 
or combined with the ſulphur by means of the. iron: 
and therefore ſubjected. a ſpecimen” to examination, in 
4d Evhich we could not diſcover, even by the help of a mi- 
n Wcroſcope, any particle of native gold. 
d Exy. I. We powdered one hundred grains of this ore, 
h nud boiled it in nitrous: acid diluted with water; a ſolu- - 
ton took place with efferveſcence. Having digeſted : 
them together, till the whole ſoluble part was taken up, 
ad poured off the ſolution, and made a precipitation by 
ixed vegetable alkali, the precipitate-appeared to be iron. 
e Having waſhed the remaining part with water, and ex- 
as WI poſed it in a glaſs matraſs in ſand, to nearly a red heat, a 
very ſmall portion of ſulphur ſublimed; the remainder * 
vas quartzoſe ſand, with particles of gold, which were 
imilar in figure, though ſmall, to the particles of gold 
ſound native in veins mixed with various matrixes, and 
ſe 4 not 


330 Dr. PORDYCE: ard. Mr. alen 
not at all like particles which. had been combined with a 
menſiruum, which ought either to have appeared in 
powder, whole particles were hardly viſible from thei 
ſmallneſs; or in cryſtalsſimilar to one another. 

EXP. II. If any metal be corabined with ſulphur 
mercury will not precipitate the ſulphur from it; we 
there fore took 140 grains of the ſame ore, and triturated 
it for ſome hours with about five times its weight of 
mercury: the powdered ore was waſhed off from the 
mercury, the remainder put into glaſs veſſels, and eva 
Porated by heat: a maſs of gold was left, but part of it 
being accidentally loſt, its weight could not be aſcer- 
tained; it did not amount to above two or three grains aff 
moſt. an 260 | 
The powder, waſhed off and dried, weighed 13 
grains: theſe, mixed with as much litharge, and fou 
times their weight of fixed vegetable alkali, and one fiſii 
of wheat flower, and the whole melted produced a re 
gulus of lead, weighing 80 grains, which, on coppelling 
with a few grains of ſilver, and parting. m aqua fort: 
left one ſixteenth of a troy grain of gold. | 

It is to be remarked, that in great works, where gol 
is ſeparated from pieces of crucibles, {and, or other mat 
ter, Dy amalgamation, notwithftanding the — e 
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i — repeated, and with great care, ſome ſmall por- 
ion of the gold ſtill remains; ſo that the ſmall quantity 
left in this caſe might eafily have either eſcaped the 
mercury, or, have been left unobſerved in the powder 
combined with ſmalt particles of it. 
We may therefore conclude, that in this ore the gold 
was in its native form, and not mineralized. 
Exp. III. We examined gold pyrites mixed with 
quartz, with a deep magnifier, and found evidently na- 
tive gold interſperſed. One hundred grains of this ore, 
vas pow dered; and boiled in nitrous acid diluted with 
vater: a ſolution. of iron took place, as in the firſt 
Japeriment. The reſſduum being expoſed to a red 
heat, there was no appearance of ſulphur; the gold 
vas found in ſuch large particles, and fo fimilar to na- 
tive gold, that we did not think it worth while to apply 
nercury. | 
The gold being diflolved out by aqua regia, a dnn 
ef quartz and arſenical ſalt was left. 
Exp. Iv. When gold and ſilver are found in their me- 
allic form, it is not uncommon to find them mixed; but: 
t ſeldom occurs, that they are mixed in ſo large propor- 
tion as in an ore obtained from Norway, and which Was 
Piven to Dr. HUNTER, by Mr. FABRICIUS. 
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The ore has the appearance of native filver 
particles, intermixed with a hard quartz, tin 1 
an ſome parts by iron. rwenty- five grains of the maſs, 
where the metal was in the largeſt proportion, melted 
with litharge, alkali, and. phlogiſtic matter, and after. if 
wards coppelled, yielded a globule apparently ſilver if 
- weighing two grains which, - being boiled in nitrous acid 
diluted with water, left full nine ſixteenths of a.grain of 
fine gold. Hence one hundred pounds of metal obtained 
from this ore, conſiſts. of ſeventy-two pounds.of ſilver, 
and. twenty-eight pounds of gold. 5 
There is an ore of filver which is commonly called 
vitreous {minera argenti vitrea, or argentum vitreum), 
This ore has always been ſuppoſed to conſiſt of ſul- 
phur and filver; becauſe, if we melt fulphur and ſilver 
together, they form a maſs which reſembles it, eſpecially 
in colour and malleability; but, as we could find no ex- 
periment in any author which authorized this conjecture, 
we determined to endeavour to aſcertain it by analyſis 
Dr. HUNTER not refuſing to ſubject the ore to an aflay, 
although ſcarce and expenſive. 
Exp. v. Fifty grains of this ore broken in pieces, for 
it ãs too malleable to be powdered, were boiled in nitrous 
acid diluted with water; the acid diflolved the ſilver with 
much difficulty, and left a ref#duum. The ſolution being 
poured 


n 
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I poured off, and the rg waſhed and expoſed in a 
1 glaſs matraſs to a red heat, there was no ſublimate of 
„ flphur, or any thing elſe obtained. The re/iduum, be- 
d fore it was expoſed to heat, did not appear to contain any 
fulphur; being of a blackiſh -colour after expoſure to 
keat, it had a number of yellow particles mixed, which 
aſily diſſolved in aqua regia. Tin being applied to the 
f MW folution made no precipitation, which it would have 
done if thoſe particles had been gold; hence we ſup- 
poſed they were iron. | 


The ſilver was precipitated from the acid by copper: 
waſhed and dried it weighed four grains, which, on cop- 
pelling with lead, loſt-one twenty-fourth. 

There were particles of powdered quartz apparently 
mixed with the yellow particles left after the ſolution. 

EXP. VI. Being much diſappointed in not finding any 
ſulphur in the former experiment, we took three hun- 
ired grains of the ſame ore. We freed it as well as poſ- 
ſible from heterogeneous matter: we mixed it with four 
times its weight of mild fixed vegetable alkali, put them 
into an earthen body, to which was affixed a glaſs head, 
and expoſed them to nearly a white heat in a naked fire 
for a full hour and an half; but no ſublimation took 
place, there diſtilling only a few drops of water. We 
then put the body into a melting furnace, and rendered. 

Vol. LXIX. 4A the 
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The maſs, on concreting, was ads d into two; 
a black maſs a-top, and a metallic maſs at bottom. The 
metal being aſſayed by ſolution in nitrous acid and preci- 
pitation with volatile alkali, ſhewed.no ſign either of gold 
or copper; loſt nothing by coppellation with lead; it 
weighed 213 grains, which were pure ſilver... 

The black maſs a-top, or coriæ, was boiled repeatedly 
in water, but did not all diſſolve. The inſoluble part was 
unfortunately thrown away ; but to the folution we ad- 
ded muriatic acid: on the addition of the acid, there was 
a ſtrong ſmell of hepar ſulpburis, and a- copious precipi- 
tate, which, on- being examined- by a microſcope, ap- 
peared to conſiſt of pellucid cryſtals, without the ſmalleſt 
appearance of ſulphur. This precipitation, being expoſed 
to heat, did not ſmell in the leaſt like ſulphur; it was not 
in the leaſt inflammable. Excepting then the ſmell of 
bepar ſulpburis, there does not appear any mark of ſul- 
phur in this ore, and a very ſmall particle of inflamma- 
ble matter dropping in by accident would give this 
ſmell. 
The foregoing experiments occaſioning ſome doubt of 
ſulphur's being contained in vitrous filver ore, we endea- 


voured to inveſtigate it by other means; and after ſeveral ſy 
experiments, 


— 161, - Joo 
Aerts; an the m one, ver ſeems 
onclufive. Fat nt 
„Half ar ceffee of fiłver was Saban 2 nitrous 
td by Epper, in ſmall flaky cryſtals as uſual; being 
ſhed and dried, it was mixed with the ſame weight of 
ſlphur, and put into a crucible, over which another was 
laced ſo as to cover it, and the two crucibles were luted 
gether, leaving a ſmall aperture for the eſcape of va- 
vur, but not ſo as to admit air for the inflammation of 
te ſulphur. Theſe being put into the fire, as ſoon as 
they were heated red-hot, the ſulphur in part eſcaped 
rough the ſmall hele, and as it pafſed through 
urnt with a blue flame. The fire was increaſed to a 
vfficient degree to melt the maſs within; in the mean 
me the blue flame diſappeared, which ſhewed that no 
nore ſulphur eſcaped. 

After we had applied heat enough, as was ſuppoſed, 
bo melt the maſs, the crucibles were removed from the 
ire, and being ſeparated when cold, a regular button- 
ike maſs was found in the crucible, of a dark lead colour 
both without and within, brittle, and ſtreaked on the in- 
lide, bearing to be cut with a knife, exactly like the vi- 
treous ore, which it in every way reſembled. The whole 
maſs gained twenty grains or one twelfth in weight, 
Which may be conſidered as the true weight of the ſul- 
4A 2 Phur 
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phur in this compound, as filver combines with ſulphur 
in its metallic form, without loſing: its inflammable air. 
Fifty. Troy grains of this compound WARTS Fich 
difficulty, from its toughneſs, and boiled in nitrous 
acid diluted with water; it diſſolved with difficulty . Aa 
ing a very ſmall quantity of. a. light blackiſh powder, 
certainly not nearly a grain in weight. 

It appears, therefore, that the ſmall portion of ſulphur 
contained in the vitreous ore may have been decompoſed 
by the nitrous acid, and the alkali, or the heat, in the 
former proceſſes; and we may conelude, that vitreous fil- 
ver ore is a compound of ſilver and ſulphur, and when 
pure, that it contains between ninety-two and * 
three man of ſilver in one hundred. 
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Needlet. By John Ingen Houfz, Boch Phyſician ” and 


n. wagen and F. R. = 
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HE. very aq Alley which navigation derives es 
the uſe of cormpaſſes, has been the principal reaſon, 
that ſo much labour has been beſtowed by many inge- 
nous men in fearching the beſt method of ſuſpending 
magnetical needles, and that ſome Academies of Sciences 
have propoſed conſiderable premiums to be given to him 
who ſhould ſucceed the beſt in this important object. 
It has been, and is ſtill, a general complaint, that ſuch 


needles as were by their ſize and figure ſuſceptible of. 


be greateſt magnetical power, and which were executed 
wth the greateſt exactneſs, and perfectly balanced, were, 
for this very reaſon of their ſuperior accuracy, ſo eaſily 
put in motion, that the ſlighteſt ſhaking of the floor, oc 
Jaſioned by the obſervers walking in the room, commu- 
uicates to them ſuch a great quivering motion as.to drag | 
hem out of their direction, and to render a confiderable. 


time. 


838 - py rar Hours lle 
time” requifite' before they e agalif fixed i die true 
ba eee meridian. Der 943 10 NQBSJHUD. 10 1% 
Since the late Dr. Kx I: has improvet#lg greatly the 
method of communicating a conſſderabte magnetic 
force to ſteel bars, needles have been impregnated with a 
much greater and more permanent. polarity than it was 
poſſible to give them before, and the conſtruction itſelf 
of compaſſes has been conſiderably improved. But the 
ſubject ſeems not yet to be exhauſted. 1 
The degree of magnetical power or polarity to be com- 
municated to fteel well hardened ſeems to depend in 
ſome reſpect on the proportion which the furface of the 
piece of ſteel to be impregnated bears to its bulk; fo that 
a thin lamella of ſteel, weighing for inſtance ten grains, 
vill acquire more magnetical force than a little lamp of 
ſteel of the ſame weight. Thus a ſmall magnet, com- 
poſed of a great many thin lamina of ſteel preſſed toge- 
ther, may be made ſo ſtrong as to ſupport 150 times its 
own weight, and even more, which has never 1 been 
done by a compound heavy magnet. 
If the too great quivering and e motion, or 
the too great reſtleſſneſs of a ſtrong magnetical needle, is 


in ſome way or other counteracted by the methods 


hitherto adopted, the needle is in ſome danger of ſtop- 
Ping near the true magnetical meridian, without always 
pointing 


hw _ - | mo ama 


power of direction of the needle may be ſo weak as not 


newer ge the rs which was oppoſed to its free 


ede in * courle of laſt year, that a great e 
of the above mentioned difficulty might be taken away. 
by different methods, ſome of which are the following. 

EXP. 1. I placed an ordinary magnetical needle, ſup- 
ported upon its point, in a china baſon, and poured wa- 
er into it, ſo as to cover the whole needle... The needle 
loft a great deal of its reſtleſſneſs, was influenced by the 


zpproach of a magnet at a; conſiderable diſtance, and: 


emed to point as well as before to the magnetical me- 
ndian, though with a flower motion. . 

EXP, II. I took a ſtrong flat magnetical needle, having 
its center. a round hole, but no cap. I fixed to this nee 
de as much cork. as was neceſſary to make it juſt ſwim 
won the water in a baſon.. I fixed a ſmooth braſs pin in. 
vertical poſition, , ſo that it paſſed through the hole 
n the center of the needle, to prevent its {wimming to 
he ſides of the baſon. This did tolerably well: the 
tzedle moved to the magnetical meridian with a flow. 
notion. | 

EXP, III. I then took the needle uſed in the firſt expe-- 
nent, and fixed upon it as much cork. as was requifite- 

jul: 
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piating directly. in kz becauſe, near this very place. the 
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340 Dr. INGEN nous Method ' 
juſt to make it ſink. 1 placed a-point under it, ſo that the 
needle with the cork was kept a little below the ſurface 
of the water, bearing upon the point with a very incon- 
ſiderable weight. This anſwered nearly as in Exp. 11, 
Exr. Iv. I fixed to the center of a ſmall, but ſtrong, 
magnetical needle a ſilver wire; to the other extremity 
of this wire I fixed a ſmall ſteel-working needle, very 
much hardened. I ftack the point of this working 
needle to the lower extremity of a ſteel magnet, placed 
in a vertical poſition and highly poliſhed. "This whole 
apparatus was placed'in a glafs cylindrical veſſel, filled 
with water ſo far as to cover the point of the working 
needle. The horizontal magnetical needle, thus fu. 
pended, was remarkably quick in directing itſelf into th 
magnetical meridian, and was very eaſily diſplaced oute 
its direction by the approach of. a magnet at a e 
able diſtance. | 

The greateſt difficulty l found in this contrivance w. 
that a little jerk ſhook the point of the working need 
from the vertical magnet; and that a heavy magna 
could not be ſuſpended from the point of a Working 
needle, but required a tolerably good magnet rounded a 
ts extremity, where it was ſuſpended from the vertical 
magnet, or a thick piece of iron rounded in the fame 
manner, by which means, however, the horizonta 
c magna 
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Ly gnet did not move ſo freely. The fi firſt difficulty could 
he cafily diminiſhed by letting the working needle paſs 


1 


through. a ſmall and ſmooth hole in a glaſs or metallic 


plate, to controul i its vibrating motion, and by adapting to 
it a ſhoulder, by which it ſhould ſtop upon the glaſs or 


metallic plate, and from. which it ſhould be taken up 
again, by liding the vertical magnet a little down ſo as 


to touch the point of the working needle, and to lift it 


up again into its former place. The ſecond difficulty 


could, I think, alſo be in a great meaſure obviated by em- 
ploying, inſtead of a common magnetical needle, a thin 
ſteel tube (of which I will f. peak by and by) which is only 
alittle ſpecifically heavier than an equal bulk of the liquid. 
By this means a ſmall vertical magnet could be made to 
ſupport a large one, even of a conſiderable abſolute 
weight, of which weight, however, the vertical magnet 
ſhould ſupport almoſt nothing, it being counter-balanced 
by the fluid in which it is immerſed. 

In the experiment, as I had made it, I could not per- 
ceive, that the horizontal magnetical needle was influ- 
enced by the vertical magnet, which would probably be 
the caſe if the vertical one was much out of the vertical 


cal line, and too near the horizontal needle. 


EXP, V. I adapted to a flat ſtrong magnetical rieedle 


wo caps, turned one againſt another, ſo that the needle 
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00 — nover's Method © 
could be ſupported on cither of the caps; and' turned 
with either ſurface upwards. I fixed on one of the flat 
ſurfaces, on each ſide of the center, a thin glaſs tube, 
hermetically ſealed, of ſuch a ſize, as made the whole 
together dip in the water ſo deep that only a ſmall 
part of the glaſs tubes remained above the ſurface of the 
water. I then depreſſed the needle entirely under the 
ſarface of the water by thruſting a metallic point in the 
cap which was uppermoſt, and fixing this point to the 
cover of the baſon: thus the needle, Kept under water, 
bore againſt the point only with that ſmall degree 
of preſſure which the very inconfiderable difference of 
ſpecific gravity, which it had above an equal bulk of the 
water, could give it, which did not amount to above a few 
grains of weight. Thus this needle, loſing nothing of 
its polarity, loſt very near the whole of the reſiſtance ot 
its weight, and at the ſame time that quivering motion 


and reſtleſſneſs, which it had in the air, moving ſmoothly 
in a medium, which could only obſtruct its too great vi- 
brations (almoſt in the ſame way as aſtronomers ſtop the 
vibrations of their plumb line by hanging the weight in 
water or oil) without obſtructing (but retarding only) its 
tendency to the magnetic meridian, liquids prefling 
equally on all ſides. 


To 


of Juſpending Magnetical Needles. 643 

Jo prevent this needle from being ſhook off the point, 
nd wandering about in the baſon, I placed alſo a metal- 
ic point underneath, upon which the under cap muſt 
hear if the needle ſhould by any cauſe deſcend from the 
upper point, or if I ſhould chuſe to make the whole ſink 
by increaſing its weight. 

Having now found, by experience, that a ſtrong mag- 
netical needle did point to the magnetical meridian near 
s well under water as in the open air, and that by the 
refiſtance of the medium much of its too great verſatility 
was taken away; I wanted to try, what degree of mag- 
netiſm could be given to a thin ſteel cylindrical tube, as 
ancedle made in this ſhape could be as light as required 
without being incumbered with cork or glaſs tubes; but 
inding no ſuch tubes ready made, I tried one made 
of tin and found it ſuſceptible of a much greater 
magnetic virtue than I expected, coniidering that 
the iron plates of which it is made are neither ſuffi- 
ciently hardened for this purpoſe, nor approach 
enough to the nature of ſteel; beſides that, being co- 
rered with a pewter coating, they cannot be expoſed to 
the bare friction of a ſteel magnet. 

This experiment, however, afforded me a certain 
proof, that a magnetic needle, made of a thin fteel tube, 
4 B 2 would 


544 Dr. INGEN HousZ's Method 
would be ſuſceptible of a ſtrong polarity, ſo as to ſerye 
for the purpoſe here intended. 

But as the two agate caps, if fixed in the middle of 
the ſubſtance of the tube, would interrupt ſome part of 
the continuation of the ſteel, and thus leflen the mag- 
netic power, the points of ſuſpenſion would be better 
foldered or fixed upon the ſurface of the tube itſelf, and Wi 

the agate caps fixed upon the ſupport underneath and Mi 
above the tube; ſo that ſuch a needle ſhould be the re- 
verſe (in reſpect to the ſuſpenſion) of the common nee- Mi: 
dles. Another advantage would be derived from fixing In 
the points of ſuſpenſion upon the needle itſelf, vis. that Mo 
by the motion of the fluid in which it ſwims, it would be u 
leſs apt to acquire a too ftrong waving or undulating 


—_ we —"—_—__ 


motion. te 
If it ſhould be found difficult to make very thin ſteel 
tubes properly hardened, a piece of ſteel could be ſcooped 
out ſo as to conſtitute the half of a tube; the other half 
eould be made of another ſimilar piece, or perhaps bet- 
ter of tkin braſs, or any other metal, and they might be 
foldered togther. 
It would, perhaps, anſwer the ſame purpoſe if a ſteel In 
magnet was ſhut up in a thin tube of glaſs or ſome 
metal. n 
I ſhould 


of Tuſpendins Magnetical Needi6s. 


p adapt to theſe kind of needles a thin glaſs, metallic, or 
gamelted plate, ſerving inſtead of the card in the com- 
non nautical compaſſes, and to make uſe of them in azi- 
nuthal com paſſes. 

A card, if it is not required to be ſtuck upon the nee- 
dle, might be fixed to the bottom of the glaſs baſon de- 
fined for this apparatus. 


for theſe different contrivances, if ſteel was not ſo eaſily 
ruſted by it, if the needle was covered with ſome varniſh 
or metal unalterable in water, and if in cold weather it 
ms not ſo apt to freeze; and therefore, I think, ſome of 


ter. Linſeed oil, when it has fabſided, is very clear and 
tranſparent, and is not ſubject to freeze, at leaſt in the 


t thickens by time, it may be changed.. 


ing motions. 
The plate joined to this paper is not made to ſerve as a 


model of a compleat apparatus, as the drawing was made 
from 


545 
1 ſhould think, that there could be no great difficulty 


Common water would be, perhaps, the beſt medium 


be thinneſt expreſſed oils would anſwer the purpoſe bet- 


ommon cold of our climates; beſides, it increaſes the 
nagnetical power of ſteel, as Dr. KNIGHT found. If 


The glaſs baſon containing ſuch a compaſs mould be: 
kept full of the liquid to the cover, to obſtruct. undulat- 
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from fancy. It is deſtined only to convey an idea of the 
invention. I make no doubt but that ingenious artiſts 
would ſoon greatly improve this rough ſketch, if the con 
trivance ſhould be found by experience to anſwer at ſe 
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White, E/quire, F. R. S. 


Read May 20, 1779. 


Barometer. TH | 
2 fligheſt Loweſt 6 1 Houſe. 1 * ; 
jt. — 2 2 an. rgb Lo w;Mean| | | 
rn. 9,90 28.16 — 
Feb, mam. | 1 | 9 2 * 2 2 183 
Aftern. 29,35 | 28,66 | 29, 44] 3 3% || 442] 21 
Mar Morn. | Li 9533 45- 34 | 38 45 | 24 
Aftern. 29,98 | 28,61 29 GI | oy. 39--}} 5T | 32 
apr. Morn. | N 32 513 35H 414i} 52 | 244 
Aftern. | 29,81 | 28,92 2 56 373] 43 |} 59 | 3® | 
i Morn. | | 29531 412] 473) 51 
lay [Aftern. | 29,79 | 28,794 82 48 49 || 654 7 
june Morn. | a | 29,41 62 1 2| 54 593 45 
Aftern. 29,86 | 29,18 2 66 9 | 552|| 72 | 52 
July Morn. | | 958 68 530.650 43 
Aftern, | 29,82 29,02 | 703 5s | 013] 804/57 
\ [Morn. | 29,48 59 | 644} 66 
ug. F 733] br | 6681] 8. 851 
Aftern. 30,00 | 29, 10 2 60 It 674 86 2 85 024 
dept, Morn. | 9999 70 ww 03 63 | 42 
Altern. 29,99 28,72] 29,54|| 62 62,5 
g. Morn. | | k 9254 64 4 1 56 554 323 
Aftern. 29,64 | 28,62 | 5 50 57 6444 
„ Morn. 6229,37 57 45 poo 52 | 26 
Aft 2 4 494 © 
Dec Morn. 731 03] 39-2 53 a4 402 53 14 
Aft 0,2 N 3 | 47 56 
[Altern. 305 3 28,25 29,34 51 4044 | ef 385 
5 40 41 l EN) 522 33 


this winter which laſted about a fortnight; but the ſnoy 
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This — having been hotter: — 
give an abſtract of the hotteſt month i in it. 


* * 11 


W rn 


Barometer. Ther oer 2 


June 22 Morn. 


to 
July 85 Aftern. 


The year began with froſt. The ſharpeſt and longeſt 


never got deep, and the froſt towards the end was much 
broken, and the winter was not, on the whole, either ſevere 
or wet. Some windy wet weather followed the froſt; but 
it was oftener dark, fair, calm, and cold, and frequently 
ſcarce either froſt or thaw. The ſpring ſeed time wa: 
good; at firſt dark and cold, but a fortnight-at the end of 
March and beginning of April was funny; fine, an 
warm, and ſome days quite hot; then it turned cold 
again, with ſeveral very fharp, mad) 3 anc 

ſometimes hail and ſnow. | 
Towards the end of April it grew mild and growing 
again; frequent ſmall ſhowers, and ſometimes wind) 
the firſt half of May. As fammer advanced it was drier 
and hotter; very much fo in June and July, being the 
hotteſt ſummer ſince 1762, if not ſince 1750. The 
2 ground 


' the Weather, &c. at Lyndon in Rutland. 849 
round was much burnt, but not fo much as ſometimes; 
for two very heavy thunder fhowers, June 27 and 28, 
kept the graſs from entirely failing. But as we had 
ſcarce a ſettled rainy day for half a year, only ſhowers 
often with thunder, thoſe places where they did not fall 
yere much more burat than we, which was the caſe in 
moſt of the South and Eaſt of England, and I believe to 
the North and Welt of us they had more rain than we. 
Many and heavy ſhowers in the twelve laſt days of July 
made the graſs grow again for a while; but the harveſt 
was exceeding fine, not a day's hindrance, many finiſhed 
in Auguſt, and the crops were in general pretty good. 
At that time the ground burnt again pretty much, there 
were ſome ſhowers in September, but the ſeaſon was in 


general dry and calm, and it was in the whole a very 
pleaſant year. 


Froſty mornings began early, for there were ſome be- 
fore September was out; and ſoon after the beginning of 
October it grew wetter, often windy and frequent froſty 
mornings. This dark, wet ſeaſon continued till toward 
the middle of December, and grew more ſtormy, but 
fewer froſty mornings after October. In ſcarce ten weeks 
there fell near half a year's rain; the dryneſs of the 
ground carried it off for a good while, but it was very 
full of wet at laſt, The wheat ſeed-time being early, and 
Vol. LXIX. 4 C the 
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the clays ſowed before the ground: got: wet, it went ve 
well into the ground, and looks finely in moſt places 


The latter part of. December was garkr fait and mild. 


which ſome ſuppoſed as ſtrong as that in 1703 did 
great deal of damage in the North of England, and the 
Eaſtern part of the South of it; but does not ſeem to hay 


been ſo ſtrong toward the Weſtern parts. 
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| Lk Barometer. 
| Months. { Higheſt. Tan Loweſt. | Mean. 
| © 4 | 
þ 39-37 28.54 | 29437 I, —2 
a Te 
230.34 29.25 | 29.891 | 1. F. | 
| 29.77 0.94=1F 1 
_—_ | 
29.78 | 0.301 
| g | oY 1 
29.56 1 
1 
1 30.20) | ©.23- 4 
1. | | * | 
1 j 2994 | 024-2 | 
>” — | 
30.15 o. 40-t | 
1 
: 29.80 | 0.7711 
29.70 | 0.50- | 
] 29 6g | 0.60- 4 | 
+ 
| 4 29.86 0.861 
TO TRI » OT RO TONE Yong = falling. | 
4 C 2 Months 
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E AT HE AN FOR THE YEAR 1778. 6 
January. Cloudy but dry till 4th, with a froſt; rain. 


on 4th and 5th; froſty till x2th; then rainy, except: 


16th, till.26th; then a froſt till 28th, when it thawed as 


on 29th; 3oth-and 31ſt wet. | 

February. Dry to the 4th and on 5th; then wet to- 
9th; dry and froſt on 13th to 14th; 16th, 17th, 
18th, and 19th, froſty; then wet till 26th; that and. 
27th had ſome ſnow; 28th fair, 

March. Fair to the 6th; 7th cloudy ;: 8th wet; cloudy, 
but dry to the 12th, and dry to the 2oth; wet to 25th;; 
dry to 28th; after that wet to the end. April. 
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April. Dry to the 6th, and after that to.gth; and then 
to the 13th, and after that to r6th; 17th and 18th 
fair; 19th and 20th ftormy.; then dry. and en 
N 28th cloudy; Agth ant z oth: tip * 
May. The 1ſt dry; then it Jo wet to dle Hehn Iry to 
the 1 2; then it rained to ig9chz Was ** to 22d, and 
afterwards, except 27th, to the:end. * Be} 

June. Wet, except the 3d, till 6th; 7th wet; 8th dry; 
gth wet; then dry to 1 5th, and after that to 24th; 25th 
dry; 26th, 27th ftormy; 28th dry; 29th ftormy; goth dry. 

July. The 1ft and 3d wet; 2d Fe 0 ant: to the 1 Ech; 
then:it was wet the reſt of the month. Lf 

Auguſt. Some rain on zd, 6th, 14th, 1 5th, and Zothz 
the reſt was quite dry, and chiefly fair. 

September. Was dry to the 7th, and on 1 
then wet to 1 3th; dry to 1th; 1yth wet; then dry 
24th; 25th dry; 26th and 9 1 a 1 ach, a 
froſt; 3oth wet. act 11h Nit! ag{7 < 10 110 
| October. The 1ſt wetz 2d Ss TY wet; Ath, th, 
dry; 6th, 7th, 8th, wet; then froſty to uqgthg after 

which, except on the 2 5th, 26th, a gth, it was very wet. 
Naoavember. The 2d, Sth, Tach, x 5th, 2oth; 1 
and 3oth, were dry; the reſt were all wet. 

December. I ſt and 5th froſty; then it rained ne 
excepting 19 and 21ſtʒ then a froſt to 2 8th; then wet 
to the end. 
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81 R. | 
OUR. election to the Preſidency of. the firſt literary 

and ſcientiſic Society in the world, to a chair ſo- 
A and ſo gloriouſly occupied by the great xewroN;: 
joined to the friendſhip you have been pleaſed to honour. 
ne with ſince my being firſt known to you: has encou- 
aged me to ſend you ſomething of my compoſition, as 
he beſt way of expreſſing my ſincere reſpect and attach 
nent ta you, and my profound veneration for the illuſ- 
trious Body which has choſen you for its head. Though. 
various circumſtances, by carrying me very early into fo- 


rtign countries, have made me from my youth almoſt: 
an 
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an alien to my native foil, and put me in x "I 
which apparently muſt make me ever remain ſo; yet, 
neither time nor diftance could VEE Wage, much leſs 
obliterate, my tender attachment to i or my ardent 
withes for its welfare. | 
Theſe conſiderations will, I hope, merit a favourable 
acceptance from the Royal Society of the followin g piece, 
which I have the honour of addreffing to you; and an 
indulgent condeſcenſion for its imperfection in every re- 
ſpect, and particularly in point of ftyle. Five and twenty 
years abſence from my native country, and the neceflity 
of converſing during that time in different foreign lan- 
guages, muſt unavoidably have filled mine, without my 
being ſenſible or hid with — _ TINTED in no 
vaſe Engliſn. . NM 503015 5 AI 
As to the ſubject I . enden to treut on this 
occaſion, I was guided in the choice thereof by the mo- 
tive of ſaying ſomething that might be uſeful to my na- 
tive country. The great number of extenſive and mag - 
nificent canals, which have been cut through almoſt 
every part of England of late years, for the uſe af inter- 
nal navigation, and which do honour: to the public ſpirit 
of the nation, merit to be conſidered in a ſcientifical as 
well as in a commercial light. Their waters have their 
laws of motion different in many caſes from thaſe of 
7 rivers: 
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ners they are able to many accidents which the 
gthers are not, and of a different nature. Theſe accidents 
do not become ſenſible till many years after their con- 
fraction, and are better prevented in time than remedied 
when they happen. I have long lived in a country fa- 
mous for its navigable canals, and have been much em- 
ployed, under the eyes of the government of it, upon that 
ſubject. I only mention this to ſhew, that I have not un- 
dertaken to treat a ſubject to which Tam an utter ſtranger. 

There are, moreover, many conſiderations concerning 
the laws of motion in rivers and canals in general, the 
relocity of their currents in proportion to the quantity of 
their declivity, and the means of aſcertaining therefrom 
the reſpective heights of the i interior parts of continents, 
which merit the attention of a natural philoſopher. I 
ſhall venture to offer my thoughts and obſervations (ſome 
of which, 1 believe, are new) on all theſe ſubjects in the 
enſuing Difſertation, which I ſubmit entirely to the judg- 
ment of the Royal Society, and ſhall eſteem myſelf 
happy if I fucceed in it, ſo as to be of any uſe to my 
country, and to be able to teſtify, at the ſame time, my 
profound reſpect and veneration to you, DEAR SIR, and to 
the. illuſtrious. body over which you preſide. 
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f 8 TION I. 
Different uſes for which canals are made, with an account 


of the principal authors who have wrote concerning 
F4 b En. | 


Artificial canals are to be conſidered in a double 


Ps as facilitating commerce by means of internal navi- 
gation, and as preventin g inundations by carrying off the 


too great abundance of water from low and flat coun- 
tries, ſuch as are Holland, Flanders, 8&c. In theſe laſt 
named countries they ſerve at once for both purpoſes; 
and it is in this double light that I ſhall conſider them in 
the enſuing diſcourſe. If canals for draining have ſluices 
upon them, particularly at the end whereby they diſ- 
charge their waters, as is univerſally the caſe in the Low 

Countries, they differ in no wife from navigable canals: 
if they have nothing to ſuſtain their waters in them, they 
are to be conſidered in every reſpect as rivers or rivulets, 
and follow the ſame laws. It muſt, therefore, be care- 
fully kept in mind, that whenever I mention canals, 
mean thoſe only whoſe waters are kept up by ſluices, 
and never thoſe without them, which 1 include, without 
diſtinction, under the common appellation of rivers; for 
they 


* 


oft. Ripers and canab. $59 
they are no more than artificial ones. If I miſtake not, 
all the navigable canals in England are of the firſt ſort; 
that is, have their waters kept up, and let off by ſluices. 
This neceſſary diſtinction will take away all ambiguity 
from what I have to ſay on canals throughout the fol- 
bwing diſcourſe. 4 | 
2. But that I may fulfil the taſk I have undertaken, it 
is neceſſary firſt of all to lay —_— ſuch principles on the 
nature of rivers and canals in genetal as have been de- 
monſtrated true both by calculation and experience; : to 
the end, that we may deduce from therice the true laws of 
motion of their waters, and the quantity of declivity of 
their beds: for this purpoſe, and becauſe a large volume 
would hardly ſuffice to compriſe all the demonſtrations 
of theſe principles, which, conſequently, I am obliged 
to omit in this treatiſe, it will not be amiſs to mention the 
principal authors who have treated this ſubject in dif- 
ferent ages and countries, in whoſe works the demon- 
trations of all the principles I ſhall lay down may be 
found, if any one doubts the truth of them. Theſe are 
the following. 
SEXTUS JULIUS FRONTINUS, de Aquz-ductibus Urbis 
Rome, cum Notis poLENI, impreſſ. 1722. 
JOHN BAPTIST ALEOT TI, Hydrometrician to the Duke 


of Ferrara, and to Pope CLEMENT the VIIIth. 
4 D 2 * Don 


360 —— BY 
* Shs BENEDICT ASFTRLIS Benedictine Abbot, de 


3 - BARATTERI, de Architettura TAcque, lib. VI. 
Piacenza, in folio, 1656. = 
ALEXANDER BELTINZOLI, of Cremona. 
NICOLAUS CABEUS, in Libris Meteorum. 
GALILEI GALILEO. | 
* JOH. BAPT. BALIANI, de Motu Liquidorum, 
* JOH. BAPT. RICCIOLT, Geographiz et Hydrogtaphiæ 
Reform. libro VI. CC. 29. et 30. 
e CLAUDE MILLET DESCHALES, de Fontibus et Flu- 
minibus, A prop. 39. uſque ad 56. 
VARENNIUS, General Geography, with Dr. JURIN's 
and Dr. sHAw's Notes, edit. of 1765, vol. I. from page 
295 to page 358. 
Dr. JURIN, in the Philoſophical Tranſactions, N* 355. 
page 748. et ſeq. 
MARIOTTE, Traite du Mouvement des Eaux. 
_ VARIGNON, Memoires de FAcademie des Sciences de 


Paris, pour 1699 et 1703. 


* Sir ISAAC NEWTON, Princip. Mathem. lib. II. $ 7. 
page 318 et ſeq. edit. 1726. 
* DANIELIS BERNOUILLI, Hydrodynamica, in quarto, 
Argentorati, 1738. 
i * DOME- 


* 


on r Rivers and Canals. 867 
a DOMENICHE GUGLIELMINT, della Natura de Fiumi, 


jononiæ, 1697, in quarto. Ejuſdem de * Aqus- 
um fluentium, Bononiæ, i in quarto. 


* JOH. POLENUS, de Caſtellis et de Motu Aquæ n 
Patavil, 1697, 1718, 1723. 


que, Fiorenza, 17 23, 3 vol. quarto, cum fig. 

JAC. HERMANNUS, in Phoronomia, cp 10. Page 5 26. 
et ſeq. 

CHRIST. WOLF, Curſ. Mathem. Hydraulicæ, cap. VI. 
edit. Geneve, in quarto, 1740. 

M. DE BUFFON, fur les Fleuves, dans ſon Hiſtoire Na- 
turelle, tom. II. p. 38— Too. de la 1** edit. en 12mo. 

Several Memoirs upon this Subject in the Collection 
of the Royal Academy of Sciences of Paris, particularly 
thoſe of M. prror, in the volumes for 1730 and 1732. 

$'GRAVESANDE, in Elementis Phyſicæ, tom. I. lib. H. 
cap. To. | 

* R. P. LECCHI s. J. Hydroſtatica, Mediolani, 1765. 
In this excellent work are ſeveral pieces by Father Bos- 
coVICH upon the fame fubject. 

* STATTLERI Phyſica, vol. III. p. 232—286. de curſu 
Huminum, ejuſque Menſuratione et Directione. Aug. 
Vindel. 1772, 8 vol. in octavo. This author gives many 
ate obſervations and experiments on the motion and 


meaſure 


* RACCOLTA d' Autori che trattano del Moto dell Ac- 


re 3s Hoc 


3 


—_— — 2 £ - — * 
„ „„ — 
n — o 7 LS 
_ \ \ 
— 


r 
— 


— 


£ = —w_wc_c — mg OT — — 
* 2 P 


— 


— 2 


= 4 * 222 


7 
. - - — _ - — - 
SD — — _ — - — 
3 — 2 
— — — — 0 
- 2 
— 


«„ — © $54 
— — — 
1 == \ = - 


3 * 


r 


— \ 
— <7"! 
. — 


- SA 
- —_ WW 
— 


— EF: * 


— . a 
£55 ce o 
=D - — —— — - » — 
8 A — 
Z = = 


a5 7 


— 


562 : Ar. MANN tit 
meaſure of currents, as thoſe of zE NN HIM, 

Two other authors have lately wrote upon rivers 
and canals, but their works are not yet come to my 
hands; to wit, 
Father FRISI, an Italian Barnabite, Profeſſor of Mathe- 
matics at Milan. ö 

M. DE LA LANDE, of the Royal Academy of Science; 
at Paris, who has juſt publiſhed a Hiſtory in folio, with 
plates, of all the Navigable Canals in the Wand that 
have come to his Knowledge. | 

Among the above authors, thoſe marked with an 
aſteriſk (% are they who- have treated the ſubject in 

queſtion with the greateſt exactneſs or moſt extent; and 
it is from them chiefly that I ſhall lay down ſuch princi- 
ples and laws of action in rivers and canals as regard the 
ſubject I have taken in hand. By this means I ſhall 
avoid advancing any thing upon ſo important a matter, 
but what is founded upon the moſt certain and exact ex- 
periments, and conformable to what are demonſtrated to 
be the real and unalterable laws of nature. 
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SECTION I. 
18 The theory of rivers and canals. | + 


T. DEFINITIONS. 

3. A river is a greater or leſſer quantity of water 
which runs conſtantly, by its own gravity, from the more 
devated parts of the earth, towards thoſe which are 
more depreſſed, in a natural bed or channel open above. 

4. If this bed or channel is artificial, and has been 
dug by hands, it is called 4 canal, of which there are two. 
tinds; thoſe where the channel is every where open, and 
without ſluices, which I call an artificial rider; and thoſe 
vhere the waters are kept up or let off by the means of 


forwards by the proper name of a canal. 

5. A river is ſaid to perſevere in the ſame-flate fo long 
% there runs off an equal quantity of water in the ſame: 
ime, without any increaſe or diminution, fo that it re- 
mains always at the ſame height in the ſame place. 
hen the circumſtances are different from this, it is ſaid: 
ſpectively that a river increaſes or diminiſhes. 
6. 4 ſeclion of the bed of a river or canal is-a-plane- 
"Fawn perpendicular to the bottom of the bed and to the 
2 1 


ſuices: it is this {ſecond ſort which 1 ſhall call hence- 
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wy Ar. MANN" g 's Waal, 
direction of the ſtream of water, and whoſe limits are 
thoſe of the water itſelf which runs off in that place. 

7. I call ſeclions of equal velocity, all thoſe where the 
water runs with equal velocity; and. /ec7ions of greater or 
leſſer velocity, thoſe where the water runs faſter or ſlower 
reſpectively, and when compared to others. 
8. I call nean velocity of a current or fiream of was 
zer, that whach a river or canal would have, if all the 
parts thereof, to wit, thoſe of the bottom, the ſides, the 
middle, and the ſurface of the ſame ſection, ran with an 
equal velocity, in ſuch a manner that there would paſs juſt 
as much water in the ſame time by this uniform motion, 
as there does now actually paſs by the irregular flowing 
of the ſtream. EY 8 ee 


IL PROPOSITIONS, or lava of action in rivers and canals, 


9. The motion of water in rivers proceeds from the 
ſame principle which produces the deſcent of heavy bo- 
dies upon inclined planes; 

11. The deſcent of heavy bodies upon inclined planes 
fallows exactly the ſame laws as thoſe obſerved in the 
deſcent of heavy bodies i in a perpendicular line towards 
the center of the earth; that is, 


- iſt They deſcend by a motion uniformly accelerated. 
2dly, The 
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2 "Om 
perpendicularly by a motion uniformly accelerated, are 
in a diplitate ratio of the times and velocities ref) pectively. 
Idly, Theſe ſpaces, in equal times, augment in the 
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9, IT, &c. 


are in a ſub- duplicate ratio of the ſpaces run over. 
5thly, It is demonſtrated by the principles of mecha- 
nics, that the velotity acquired by a heavy body deſoend- 
ing freely upon an inclined plane, in a given time, is to 
the velocity which the body would acquire'in the ſame 
time, by falling perpendicularly, as the height of the in- 
dined plane is to its length. 
- 6thly, From [whence it follows, that the en 
which bodies acquire in their deſcent upon inclined 
planes, are in a direct ratio of ihe /quare roots of the quan- 
fly of inclination or declivity of the planes. ti 
11. So that when water flows freely upon an inclined 
bed, it acquires a velocity, which is always as the ſquare 
wot of the quantity of declivity of the bet. 
12. In an horizontal bed, opened by ſluices or other- 


5 wiſe, at one or both ends, the water flows out by its gra- 

vity alone; and the flowing is quicker or flower in a di- 
Vorl. LAG ĩðͤů 44 B55: 475 rect 
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fame ratio as the ny de in . I, 3, 6, 77 


| attily,”'/Therefore, both the times and the velocities 
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rect ratio of the reſpective heights of the water, by reaſon 
of the weight of the ſuperior waters upon the inferior. 

x3. From hence (N* 11, 12.) it follows, firſt, that as 
much as the declivity of the bed or channel of a river is 
greater, ſo much alſo will the velocity of the flowing 
waters be proportionably increaſed. 

2dly, As much as the water in an horizontal bed is 
deeper, fo much will the velocity of the current be in- 
creaſed; and this velocity will diminiſh in proportion to 
the decreaſing depths of the water in the bed. 

3dly, Abſtracting from the reſiſtance cauſed by the 
bottom and ſides of the bed, as much nearer as the water 
is to the bottom, ſo much will its motion be accelerated; 
not only becauſe the inferior waters are more compreſſed 
by the ſuperior in proportion to their greater depth; but 
alſo becauſe the inferior ones have a greater declivity | 
than the ſuperior, by reaſon of their greater depth in the | 
bed, where they are more depreſſed with reſpect to the 
elevation of their common fource or ſpring. But theſe 
different velocities of the upper and lower waters in the 
ſame ſection of the bed (abſtracting from the friction of 
the bottom and ſides) approximate indefinitely to each 
other in proportion to the length of the channel, but ſtill 
without a poſſibility of their ever becoming equal in fact, 
if they met with no reſiſtance from the bed. 


14. There- 


on V Rivers and canal. 


114. . Therefore, the motion of water flowing freely in 
m inclined channel, is accelerated by its own weight 
combined with the quantity of declivity in the bed. 

Nevertheleſs, the velocity of waters which flow in 
an inclined bed, during their actual flowing, is not acce- 
lerated by the weight which the inferior waters ſuſtain 
from the ſuperior ones, in caſe the lower parts have already, 
by the declivity of the bed, a greater velocity than that 


which the weight of the ſuperior ones impreſſes upon 
them. The reaſon of which is, that no body which follows 
another with a lefler velocity can act by impulſion upon 
that which precedes it with a greater velocity, as is the 
caſe with regard to theſe ſuperior and inferior waters. But 
the weight of the upper waters begins to accelerate the 
lower as ſoon as they fall into an horizontal bed, or one 
that is ſo nearly horizontal as to deſtroy the greater velo- 
city of the lower waters above that of the upper. 

15. The velocity of rivers depends ſometimes upon 
the ſole declivity of their beds; ſometimes alſo upon the 
ſole gravity of their waters: and if theſe two cauſes ſome- 
f © times act together, the effect produced is only the reſpec- 
h tive exceſs of the one above the other. It often happens 
in the ſame ſection of a river, that the acceleration of 
velocity in the inferior parts proceeds from the weight of 
4E A2 the 
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568 Mr. MANN's Treatiſe 
the upper waters, while that in the upper parts proceeds 
from the declivity of the bed. 

From whence it follows, that in rivers which have 
little dechvity, it is the depth of the waters which con- 
tributes moſt to accelerate their current; and in thoſe 
whoſe beds have moſt declivity, it 1s the deſcent of gra- 
vity upon an inclined plane which has the greateſt ſhare 
in producing this acceleration. 

To find whether the water in a part of a river where 
the bed is nearly horizontal flows by the velocity ac- 
quired in the preceding declivities, or by the compreſ- 
ſion of the upper waters upon the lower in that place; a 
pole mult be thruſt down to the bottom, and held per- 
pendicular to the current of the water, with its upper 
end above the ſurface: if the water ſwells and riſes im- 
mediately againſt the pole, it ſhews that its flowing is by 
virtue of a preceding declivity: if, on the contrary, the 
water ſtops for ſome moments before it begins to riſe 
againſt the pole, it is a proof that it flows by means of 
the compreſſion of the upper waters upon the lower. 

16. The ab/olute beight or elevation of the ſurface of 
a river which perſeveres in the ſame ſtate (Ne 5.) contt- 
nually decreaſes, as the diſtance in the river from its 
ſource increaſes; by reaſon that its bed muſt continually 
incline and tend towards the center of the earth. 

17. The 


ls 


= 


on Rivers and Canals. 
17. The velocity of each particle of water in a regu- 


ar channel, that is, where the bed is a regularly inclined 


plane, may be determined by drawing a perpendicular 
fom the particle propoſed to the horizontal curve which 
rfſes through the ſpring, or that point of the river 


where the particle in queſtion begins to acquire its velo- 


city. For the velocity which this particle would acquire, 
in falling freely along the ſaid perpendicular, is the ſame 
s that which it has acquired in its deſcent along the in- 
dined plane of its bed. 


18. So long as @ river per ſeveres in the ſame fate 


(N* 5.) there flows an equal quantity of water in equal 
times, how unequal ſoever the ſections be through 
which they flow; and, conſequently, where the ſection 
of the river is greater, the velocity of the flowing water 
s leſs; and where the ſection is leſs, the velocity is 
greater; always in an inverſe proportion. From hence 
may be deduced the following and. other ſimilar propo- 


tions. 


1ſt, Through equal ſections, in equal times, and with 
equal velocity, there muſt flow equal quantities of water. 
2dly, Through equal ſections, in equal times, but 


with unequal velocities, the quantities of water which 


flow, are in a direct ratio of the reſpective velocities. 
z3dly, Through 
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decreaſe of the waters in the lake, 8c. and vice ver/d. 


896 Mr. ManN's Treatiſe: | 

2dly, Through unequal ſections, in equal times, ang 
with equal velocities, the quantities of water which paſs 
are in a direct ratio of their reſpective ſections. 

zthly, Through unequal ſections, and with unequal 
velocities, the quantities of water which flow in equat 
times, are in a combined ratio of the ſections and mean 
velocities (N* 8.) together. 

In a word, the ſections of the bed, the mean veloci 
ties, the times of flowing, and the quantity which floys, 
are univerſally in a combined ratio together; and this 


combination is what is called 2h momentum of a river; 
and this momentum of the ſame flowing water is univer- 
fally equal. | 

19. From hence may eaſily be deduced the principles 
for calculating the quantity of diminution of the water 
in a lake, pond, or veſſel, by any determinate flowingy 
whatſoever: for as the ſurface of the lake, &c. is to thel 
ſection of the current which carries off the waters; fo is 
the mean velocity of the current in this ſection to the 


III. Oi 


on Rivers and Canals, | 571 


III. On the nature of rivers and flowing waters. 


20. Rivers contain divers inherent cauſes of the ac- 
leration of their motion. 

1ſt, Their ſprings are either in mountains or on high 
devations that they acquire a velocity and acceleration of 


notion ſufficient to ſuſtain and. propagate it through the 
reſt of their courſe. 


traction, thoſe particles which begin firſt to flow draw 


ng, and ſo on ad infinitum. 


conſequently. again augments the ſlowneſs of the cur- 


rent; it may, however, recover a part of its velocity, 
even in the ſame horizontal bed, by augmenting the 
depth thereof, and diminiſhing its breadth; for by this 
means the weight of the ſuperior waters upon the infe-- 
7 rior 


grounds, and it is by the deſcent of the waters from theſe 


— — _ — 2 * - 
2 8 2 
PA 280 1 - * * 
* . «+  # * 5 . ” 
— __ 
— Py of bo - 


2dly, The coheſion of the particles of a fluid; ina 
ad ever /o little inclined, is a ſecond cauſe of accelera-- 
ton of motion in the fluid;. becauſe, by their mutual at- 


after them thoſe which are contiguous, theſe the follow-- 


3dly, Moreover, where a river, by flowing in a bed 
nearly horizontal, has loſt a great part of the velocity. 
which it had acquired in the preceding dechvities, and: 
the bed by this means is become large and ſhallow, which: 
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rior is increaſed, and conſequently! the vetbty. of the 
Whole is augmented (N-. TNHATB ). In the fame manner 
a junction of rivers in the fame” bed, by/exewvatirig and 
Tang it; augment the velocity of the common cur- 
rent, as we ſhall ſnew more particularly hereifter. 
41. On the other" hand, flowing- waters rheet with 
many powerfull 'Eduſes Gr kenttance t Their" toto, 
which tend © continually to diminiſh their velocity. Such 
are the following: 02TH wu feomf 24h 

1ſt, The attraction and continual friction of the bot- 
| tom and the fides of the bed; contribute an; towards 
retarding the motion of the Water 

act The ſame effect is produced like w iſe by the 
man obſtacies Which they meet with in their way; ſuch 
as THEGualities ini the botts m and ſides of the channel 
banks of ſand and mud, e trunks of trees, and othe 
ach things.” FFC 
Core 3lly, The many windings and' angles made i in thei 
courſe; wh hich produce ſo much the more reſiſtance an 


IOW to the motion of the water; as the courſe y 
varies n more and oflener from 4 right-line. a 2 e 


1 athly, The diminution. of their decſivity the farthet 
bas from their ſprings; ; this being generally 0 
leaſt towards their mouths, which are for the moſt 0 


in extenſive plains. peed tons $44 - Fade 
" $47 . | Finally 
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i Pmallyy che natural coheſion of the particles of water 


mn am borigo al bed contributes to retard its motion pre- 
dfety by the fame force whith contributes to accelerate 
it inlined bed. By ditriniſhing or taking away the 
above obſtacles to the free motion of water in rivers atid 
carts} te velocity of their currents will be increaſe in 
the fame proportion, and thereby allo all the dangers and 
ravages-of inundations may be 5 as we fhall 
ſhew here after. YO en $0 un 

But if ſome or all of theſe ee eee or leſſer 
degree, did not exiſt in rivers of eonſiderublę depth and 
declivity, it is demonſtrated ©; that the velocity of their 
currents would be accelerated to twelve, fifteen; and,” ift 
ſorrie caſes, even to twenty times more than it is at pre- 
ſent in the ſame rivers, whereby * would * ab- 
abſolutely unnavig able. 

22. The waters in a river or open canal have their 
motion accelerated, ſo long as the effects proceeding from 
gravitation, declivity, depth, in a word, ſo long as the um 
of avcelerations ſurpaſſes tbe: ſum of refftances. 
when theſe different ſums become equal to each 
her, the motion of the water is neither accelerated nor 


b@Q-*tarded, but remains equal, till ſomething anew deſtroys 


the equilibrium. 5 


(a) Vide Lecenr, Hydroflat, et sTaTTLERT, Phyſic. tom. III. p. 252. 
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37 In den — 
hen ahe fora of reſiſtances and cui fg 
is greater than theo ſunn — — 
city of the river is diminiſhed in propoxrtuar4e:the-pxaſs, 

2g. The pereufſion:of the waters fa nt an 
- obſtacle which is oppoſed to their motion, is the ation of 
the waters ſtriking againſt that obſtacle and che prin· 
ciples for calculating the quantity of this percuſſion, or 
the effects. which any obſtacles whatever produce in the 
motion of rivers, by known 3 nn 
times, are as follows: 
. x, The . of: n nt 
obſtacle whatever is univerſally in a compound ratio of 
the quantity of the plane or planes which the obſtacle 
oppoſes to the current of water, of the ſine of the angle 
of incidence which the direction of the current makes 
with theſe planes, and of the ſquare 2 of 
the ſaid current. 

2dly, The reſiſtance, therefore, which the: bed af a 
river oppoſes to its current from any particular ohſtacles 
in it, is in a compound ratio of the magnitude and Gras 
tion of the-planes of theſe obſtacles, together; with the 
fquare of the currents 1 the place where thoſe 
obſtacles are found. 19951 211-16 3 20 26 [3 £1018 

3dly, The 1 force of a. river or that 


dy which it ſurmounts the reſiſtance af its bed in any one 
7 4 Place, 


f 
t 
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| _ mn Rods n Gnus. Big 
phds/oetaparettorhitinancther;is in a compound ratio 
ehe Maſt v water! and of the 1 of the currem 
th5feoplaces reſpectively; : fru ar 29% (1 10 li- 
as Hindi rent parts uf the Came river, the velocity 
if e wurrent is greater in a direct proportion of fhe 
greater declivity of the bed; becauſe the — 
of me owing Particles augments: in-that ratio. 
dag Bit amIthe fine ſectiom of a river, he eri 
farts, ur th which are fartheſt from the bottom and 
the ſides, will continue their courſe: by the fale-caufe of 
the-decHvity- of their bed; bon little ſoeuer it be; betauſe 
theſe waters not being retarded: by the friction of tie 
bottom and ſides of the bed, or hardly by any other ob- 
ſucle whatever, be lraſ poſſible deviation from a leve! 
u produce u current. But the waters at the bottom of 
ayer both beeauſe ef their friction againſt it, and of 
the irregularities which are almoſt every where found in 
it, win 6ſe chat little motion which a very ſmall declivity 
em Swe them, and their motion in that cafe will be pro- 
duced alone * — 5 — . waters 
pon them. 221267: 
-11The inferior: inn * acquire thinks motion 
from the weight of the ſuperior ones upon them, com- 
wudiente reciprocagy 2 part of their motion, by means 
F taral coheſion of 'the particles . (Ne 20.) 
Ye 4 F 2 to 
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to the ſuperior ones, which dn am herizommm¹ν¹,ν,,iůirhe 
out this cauſe, would have no other motid wan brad 


which: is impreſſed upon them ba the miau ſo Horte of 
the waters deſcending; from their elevated fpringsilo/ 3c. 

From whence it appears, that the ſuperior ani nferibs 
waters in a river communicate recipmcallyia part: of their 
motion to each other; but this can never goibtyonday 
certain point or 112:c/1922471, | Which: is always proportion- 
able to the 2nomentum. of the river in that place? NF 18); 
It follows from hence, that the greateſt velocity of. a 
river, running in a right-line, is in be cxuten i iti ſecs 
tim (Ne 6.) ; that is to ſay, in that point which is thy 


fartheſt poſfible from the furface of the water and from 


the bottom and ſides of the bed, all taken together. This 
part has the advantage of one half of the depth of wa- 
ter preſſing upon it, and it is exempt from the friction 
of the bottom and ſides of the bed which are there over- 
come and vaniſh by the perpendicular compreſſion. 

On the contrary, the leaſt velocity of the Water is at 
the bottom and fides of the bed, becauſe it is there that 
the reſiſtance produced by friction is greateſt, from 
whence it is communicated to the other parts of the ſec- 
tion in an /nver/e duplicate proportion o the diflances from 
be bottom and jides combined togetber, until it becomes? 
3 negative 
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negativ quantity p]]bens: the! affect. —— 
aidedraimathings! te er II TIA ot Hor tina LN. 
Jaber beſt rand: moſt:ſimple method of meaſuring 
me velasityof the current of ta river or open _— that 
koow:efis the following: f eb ni N N IH 

; Wl i: Fake aumylindrical piece of dry, olight . * =y 
ength Janagthing lets than the depth of the w ater in the 
ver: rund one end of it let there be ſuſpended as many 
mal weights as may be neceilary; to: keep up the cylin- 
er ims perpendicular ſituation in the water, and in ſuch 
a marmer that the other end of it may juſt appear above 
the ſurfact of the water. Fix to the center of that end 
which appears above water a ſmall and ſtraight rod, pre- 
tiſely in the direction of the cylinder's axis; to the end, 
that when the inſtrument is ſuſpended in the water, the 
Leviations: f the rod from a perpendicularity to the ſur- 
face of. it may indicate which end of the cylinder ad- 
vances the faſteſt, whereby may be diſcovered the dif- 
u ſerent velocities of the water at different depths; for if 
ume rod inclines farwards according to the, direction of 
ue current, it is a proof that the furface of the water 
has the greateſt velocity; but if it ĩnclines back, it ſliews 
that the ſwifteſt current is at the bottom; if it remains 
perpendicular, it is à ſign that ae. n at the ſur- 
ſace and bottom are equal. 


This 


£9 n ſe 
afrhisinſtrument betago pldeetidithewatrrent D ing 
or canal receives all the percuſſions of the water eyoaghc 
out the whole depth, and will Hive atreguibFedotity with 
thier of the whole current! om ie JUr uu tb ,, e 
at the place where it is put ih, atid by ekt, way 
be found, both with eaſe und exnctneſs, me meu vale. 
city of that part of the river for any determimute diſtanti 
and time. | 4ea9muntin 
-: But to obtain te mean velocity of thewholefeRion 
of the river, the inſtrument muſt be put ſacceMvely 
both in the middle and towards the ſides becauſe the we- 
locities at thoſe places are often very different from eacl 
other. Having by this means found the difference of 
time required for the currents to run over an equal\/hoct; 
or, tbe different di/tances run-over in enual times, the men 
proportional of all theſe trials, which is found by dividinę 
the common fun of them all by che number of — 
will bg the mean velocity of the river or cam. F 
If it be required to find the velocity of the current 
only at the ſurface, or at the middle, -or at the bottom, a 
ſphere of wood, of fach a weight üs will rerhain fuſ- 
pended in equilibrium with the water at the foface of 
depth Rich we warnt to meaſure, will be better for the 
e n. weden oiily affected by the 
K Ooh v4 0% 39 Larter 
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wer Ofo that ſole hun at lug current mhere it: ennzins 
pd e acl} to 2h t e 7100 [e089 10 

Ii NEN eaſ to gie both the cylinder and the globe 
tha Nxt hich we want to meaſure, by means, of two 
d mall copds; which two perſons muſt hald and 
arect, neren each ſide che river: taking care at the fame 
ine; Natbes t rStard nor accelerate the motion of * 
nftrument. 

.$everal.other methods have been invented for 9 
nining the velocity of the currents of rivers and canals, 
which PRaycÞe. ſeen; in moſt af the authors enumerated 
* —— this eſſay e 


D 
* 


. 1 of the — Jaws of the accelerations 
"and retardation of currents to rivers and canals in ge. 
' weral, from whence are deduced the various means of" 


' preventing or remedying the defe&7s and inconveniencier: 
which CODY nn to. them danke rr hed 
_ 10 111. 5012 I] 
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I 27 „B combining; manor, all we Bave 4000 hitherto 


vnn the nature and theory of motion in rivers, and pagr; 
early in che articles 13, 18. 20, ag, and 23 it follows: 
e vidensly, at the, deeper. ibe. waters are in tear hed: 


u proportion t ita breadth, the more their motion is ac- 
celerated; 


of the breadth of the — and allo of the greatiuajs of. the 
ſeciion; from awhence e e e 
univerfal practical rules: wo he. be hates 4 
aſt, To augment che e of water in a river or 
canal; without augmeming the declivity of the bed, we 
ranſt-jncreaje: the: depth an diminiſb tbe breadth of d 
bed. | gd tet UL OG: 
- - 2dly, But to diminiſh the velocity of water in a river 
or canal, we muſt, on the contrary, increaſe te breadib | 
and. diminiſb the depth of its bed. 

The above propoſition js perfectly conformatlle to ob- 
ſervation and experience; for it is conſtantly ſeen, that 
the current is the ſwäfteſt where the waters are deepeſt 
and. the breadth of the bed the leaſt; and chat they fn 
lloweſt where their depth is the leaſt and the breadth o 
the bed the greateſt. The velocity of waters,” fays 
M. px Burrox (% augments in the ſame proportion a 
« the ſection of Ss channel through which they pals 
„ diminiſhes, he force of impulſion from the back-waters 
« being. ſuppoſed akvays ide ſame, Nothing,“ continues 
he, produces ſo great a diminution in the ſwiftneſs c 
a current as its growing ſhallow; and, on the cantrary; 
. the increaſe of the volume of water- augments i its 
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65) Hit. Nat. tom. 1 p. 53. 60. edit. in Imo. f 
1 þ 4 yelocit) 


— 5 » 


— ar any other cauſe whatever. The 
wart wor, in his Hydraulics, affures us, tirat 


« jt is a conſtant and univerſal priege, for acceleratiti 8 
« the current of waters, to deepet the bed, and at the | 
« faite tire to refider it narrower.” “ 
28. When the velocity which a river has acquired by 
the elevation of its ſprings and the impulſe of the back - 
water, is at laſt totally deſtroyed by the different cauſes 
of reſiſtance which we have enumerated above (Ne 21.) 
becoming equal or greater than the firſt, the bed and 
current at the ſame time being exactly horizontal, no- 
thing elſe remains to propagate the motion, except be 
fole perpendicular compreſſion of the upper waters upon 
the lover, which is always in a durect ratio of their depth. 

But this neceffary reſource, this remaining caufe of mo- 
tion itt rivers, augments in proportion as all the other di- 
miniſh, and as the want of it increaſes: for as the waters 
of rivers in extenſive plains loſe the acceleration of mo- 
tion acquired in their deſcent from their ſprings, their 
i quantity accumulates in the fame bed by the junction of 
ſeveral” ftreams together, and their depth increaſes in 
tnſequence thereof. This junction and ſucceſſi ve accu- 
TS Emiilation of many ſtreams in the ſame bed, which we 
ia fre univerſally in a greater or lefs degree in all rivers 


Rroughout the known world, and which 1 15 {0 abſolutely 
ty (e) N. 224. 
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negeſſaxy to the motion e 550 U Myibert- 
tributed, ſays Signor o 18 tothe infinite if, 
dm af the ſupreme Author of Naturea(s 159 (lla 3: vaivit: 
9 . The velocity of flowing waters:is Nen far from; 
being in proportion to the quantity of geglivityin their 
bed: if it was, a river whole dechvity; is uniferm and 
double to that of another, ought only. to ua myth dou- 
| ble. the ſwiftneſs when compared to it; but in effect it iʒ 
| found to have a much greater, and its rapidity, inſtead of 
| being only double, will be triple, quadruple, and ſome- 
times even more: for its velocity depends much more on 
the quantity and depth of the water, and on the come 
preſſion of the upper waters on the lower, than on 
the declivity of the bed. Conſequently, whenever the 
bed of a river or canal is to be. dug, the declivity, muſt 
not be diſtributed equally throughout the whole length; 
but, to give a ſwifter current to the water, the declivity 
muſt be made much greater in the beginning of its 
courſe than towards the end where it diſembogues itſelf, 
and where the declivity muſt be almaſt. inſenſible, as we 
fee is the caſe in all natural rivers; for when they ap- 
proach. near the ſea their declivity is little or nothing 
yet they flow with a rapidity which is ſo much greater, 
as they contain a greater yolume of water; ſo that ing 


(4) Della Natura de Fiumi, 


great , 


one? au umd 5 
ben fvers alto A large extent oH cheif bed ne 
en Heul he Wibbutely Herrontal, arid without ay de- 
divity at all, yet their waters do not ceaſe to flow; dtidty? 
flow even WA grent rüphtlity, both front the Irnpulfion 
of the hack watets;cand From the compreſfion of the uh. 
per waters por the lower ini the ſame ſection. | 9 
e. Whoever" is well acquairited with the principles 
of the higher geometry, will eafily perceive that it would 
be no difficult fatter ſo to dig the bed of a canal or ri- 
er, that he welbeity' of the current ſhould be every where 
qual. It world be only giving it the form of a curve 
dong which a moving body ſhould reoede from a given 
pint, and -de/£ribe ſpaces every where proportional to the: 
mes, allowance being made therein for the quantity of 
deck of the compreſſion of the upper waters upon the 
ber. This curve is what is called the Horizontal Jſocbhronic; 
king the Matteſt of an infinity of others which would 
qually anſwer the problem where fluids were not con- 
erned: Upon theſe curves may be ſeen LEINI TZ, HUYG=" 
MNS, and the two BERNOUILI s, who were the firſt that 
letermmed anid analyſed them, and alſo many ſucceed- 
ng geornetricians, if any one is deſirous to occupy him- 
elf in fuch ſpeculations' as are more curious man oy 
in Swhich'is not a in this treatiſdQ. 
46 2 31. Not- 


ary 
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31. Notwithſtanding all we have ſaid concerning the 
neceſſity of augmenting the depth of a river in aigreiter- 
proportion than its breadth, if we would acgelerate its 
current; yet it is certain, that this ean only he done to a 
certain point, without deſtroying that equilibrium whith 
ought to reign between the:depth and-the-breadtiyof the 
ſection of the ſtream, and thereby putting the ver into 
alſtate of continual violence, which will inceffantly exert 
itſelf. to the deſtruction of the banks and wiers made to 
keep it in, and that action will: always exert itſelf in a 
qirect ratio of the greater or leſs want of equilibrium, as 
it would be eaſy to demonſtrate by the principles of hy- 
draulics. Theſe ſame principles give likewiſe the juſt pro- 
pertions of this equilibrium between the perpendicular 
and lateral compreſſion of the water in any river or canal 
whatſoever, which vary in an inverſe proportion; accord- 
ing; to the different degrees of the declivity and velocity 
of the current; and in a direct one of the greater or lels 
coherence and hardneſs of the ſubſtances which com- 
poſe the bed. Rivers which flow in beds compoſed of 
homogeneous matter of little conſiſtency, ſuch as-fand, 
&c. are always more broad than deep, when compared to 
thoſe which run in beds of matter of greater tenacity. It 
is manifeſt, that the equilibrium here ſpoken of is real, 
| — * Al 246! becauſe 
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becauſe rivers: remaining in the ſame fate only widen 
heir beds t n. certain pitch which they do not ſurpaſs. - 
211326 Moy DE AT FO N. remaxks, 78 That People accuſ- 
tomeditorivers can eaſily foretell xhen there is going 
to be a ſudden increafe of water in the bed from floods 
produced byſuddlen falls of rain in the higher countries 
x, through which the river 8 pats. This they percei ve by. 
4. 2 particular motion in the water, which they expreſs 
« in their dialect, by ſaying that he river's bottom moves; 
that is, ithe water at the bottom of a channel runs off 
faſter than uſual; and this increaſe of motion at the 
bottom of the river always announces a ſudden in- 
( creaſe of water coming down the ſtream. Nor does 
- Wl 4 them: opinion therein,“ continues the ſame author, 
ſeem to be: ill-grannded on the nature of, things; for 
(che motion and weight of the waters coming down, 
rl © though not yet arrived, muſt act upon the waters in 
che lower. parts of the river, and communicate by im- 
- pulſion part of their motion thereto; ſince a canal or 
f MW * river-icontained in its bed is to be conſidered in ſome 
degree as a column of water contained in a long tube, 
of * where the motion is communicated at once throughout 
the whole length In a river or canal, open above, it 
Bonly communicated to a certain diſtance; that is, as far 
% the-impulfive force of the new increaſe and ſuperior 

rapidity }- 


— 23939439 803 3 
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inſtance, by the launching) of a ſhip or of: ſevenal boats 


the ſame reaſon, the increaſe of weight of the waters 
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rapidity of the:back+watevs Ats upon the fiream, Which 
will always be as far as till this forae is grhduny, andb at 
laſt wholly, deſtroyed by the ſuperibf gruvitaticitiuf the; 
ſaper-incumbent waters in the ſtræam iSeme thing db the 
ſame kind happens when a very great addititnabweight 
comes ſuddenly upon the ſurface of a river orcanal; fur 


together upon it. Theſe cauſes increaſe: the welocity af: 
the water in the lower parts of the bed, and mareover 
retard its motion at the furface, which effect may pro- 
perly be called making the river's bottom mme. For 


in a ſudden flood, as well as the increafe of their impul- 
ſave force, muſt contribute to produce this effect, and, by 
increaſing the motion in the bottom of the river, may 
hinder, for ſome _ of _ the CES 
rifing in the bed. | 
33. All obſtacles what in the _ of à river or 
canal, ſuch as rocks, trunks of trees, banks af fand and 
mud, &c. muſt neceſſarily hinder proportionably the free 
running off of the water; for it is evident, from:what we 
have ſaid, that the waters ſo far back from theſe obſta- 
cles, until the horizontal level of the bottom of the bed: 
becomes higher than the top-of the obſtacles, mat be 
intirely kept up and hindered from running off in pro- 
a portion 
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— thereto (N' 231). Now as the waters muſt con- 
inue to came down from their ſources, if their free run- 
ning offis hindered by any obſtacles whatever, their re- 
tire height haci frumtliem muſt necefſarily be increaſed 
until theircalevation, combined with the velocity: of their 
current proceeding from it, be arrived to ſuch a pitch at 
the poitat where the obſtacles exiſt, as to counterbalance 

the quantity of oppoſition or impediment proceeding 
from thence; which frequently does not happen until 
al the lower _ of the — round about are laid 
inder Water. 4 | | 1 * 

7 34. Now lit n from all experience, that the 
beds of rivers and canals in general are ſubject to ſome 
dr others of the obſtacles above mentioned. If rocks or 
trees do not bar their channels, at leaſt the quantity of 
fnd; earth, and mud, which their ſtreams never fail to 
bring down, particularly in floods, and which are un- 
equally depoſed according to the various windings and 
degrees of fwiftneſs in the current, muſt unavoidably, in 
wurſe of time, fill up, in part, different places in the 
channel, and thereby hinder the free running off of the 
„back waters. This is certainly the cafe, more or leſs, in 
u rivers, and in all canals of long ſtanding, as is 
be Inotorious to all thoſe well acquainted with them. 
o- ence, if theſe accidents are not carefully, and with a 
on 04 conſtant 
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conftant-attention prevented, come inanditions, whici 
ſometimes lay waſte whole diftrifts, and ruin the finief 
tracts of ground, by covering them with ſand: hence 
rivers become unnavigable, and canals uſeleſs, - for 
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the purpoſes for which they were conſtructed. Canal, 
in particular, by reaſon that their waters for the moſt 
part remain ſtagnant in them, are ſtill more liable than 
rivers to have their beds fill up by the ſubſiding of mud, 
and that eſpecially for ſome diſtance above each of their 
ſluices; inſomuch, that if continual care is not taken to 
prevent it, or remedy it as often as it happens, they will 
ſoon become incapable of receiving and paſſing the fame 
veſſels as formerly. Nay, the very fluices themſelves, if 
the floors of their bottoms are not of a depth conform- 
able to the bed of the canal, will produce the ſame acci- 
dents as thoſe we have been ſpeaking of; for if they are 
placed too low, they will be continually Mling up with 
ſand or mud; if too high, they have the ſame effect as 
banks or bars in the bed of a river, that is, they hinder 
all the back-waters under their level from ranning off, 
and ſoon fill up the bed to that height by the ſubſiding 
of mud. This effect is much accelerated by the ſhutting 
of the lower fluices, which makes a great volume « 


water reflow back to thoſe next above them, till the 


whole is filled and becomes ſtagnant. Now it is evident, 
that 
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mat this ſtate of things muſt contribute far more to the 
ſubſidencytof mud and all other matters brought down 
by the waters in canals, than can be the caſe in rivers 
whoſe currents conſtantly flow. 1 Aer 
2351 I dor not ſuppoſe that theſe inconveniencies can 
have yet manifeſted themſelves by any very ſenſible ef- 
fects in the many new canals and ſluices lately conſtructed 
in England; but as the ſame cauſes do not ceaſe to act 
more or leis every where, the effects which neceſſarily fol- 
bow from them will likewiſe become more and more ſen- 
fible, unleſs continual care be taken to prevent them. 
The waters of all rivers and canals are from time to time 
muddy: their ſtreams, particularly during rains and 
floods, carry along with them earth and other ſub- 
ſtances which ſubſide in thoſe places where their cur- 
rents are the leaſt, whereby their beds are continually 
niſed: fo that the ſucceſſive increaſe of inundations in 
rivers; and of unfitneſs for navigation in. canals, when 
they are neglected and left to themſelves, is a natural and 
neceſſary . conſequence of the ſtate of things, which no 
intelligent perſon can be at a loſs to account for; and yet 
have known whole countries remain in this habitual 
fate of negligence to their very great detriment. | 

36. Having thus ſhewn the principal accidents which 
nyers and canals are liable to, with the cauſes of them, I 
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mall proceed to point ont the moſt efficacious methods of 


preventing them, or at leaſt of diminiſhing their effects. 
Perhaps it would have been more proper to have deferred 
doing this till I ſhould have faid all I have to ſay upon 
the nature of rivers and canals: however, I ſhalt forego 
the more ſcientific order of things, for the fake of 
bringing the means of remedying the accidents and 
inconveniences which: happen, nearer to the cauſes. 
that produce them, whereby their connexion and effi- 
eacity may be better judged of. For this end, I ſhall 
here lay down, briefly and in general terms, the methods 
moſt proper for the purpoſe in queſtion. They flow im- 
mediately from the principles already laid down in this 
eſſay, and do not need many words to make them com- 
pleatly underſtood. 12 51 

37. A work of this kind, if it is properly conducted, 
muſt be begun at the lower end of the river or canal; 
that is to ſay, at that end where their waters are diſ- 
charged into the ſea, or where they fall into ſome other 
greater river or canal, from whence their waters are car- 
ried off without farther hindrance. H it is a river whoſe 
bed, by being filled up with mud, ſand, or other obſta- 
cles, and by being otherwiſe become irregular in its 
courte, is thereby often fubject to inundations, and in- 
capable of internal navigation, the point, from which 

3 | the 
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the work muſt be begun and directed throughout all 
the reſt of the channel, is from the loweſt water - mark 
of ſpring tides on the ſhore at the mouth of the river; 
or even ſomething below it, if it can be done; though 
this part will ſoon fill up again by the ſand, mud, &c. 
which the tides ceaſe not to roll in. 

If it is a canal whoſe bed is be to dug anew, or one al- 
ready made, which is to be cleaned and deepened from 
the ſea ſhore or ſome large river back into the country, 
and where no declivity is to be loſt; as is the caſe in all 
flat countries: the work muſt be begun, and the depth of 
the whole channel directed, from the low water-mark of 
ſpring tides, if the mouth is to the ſea, or from ſuch a 
depth in the channel of the river, if the canal falls into 
one, that there may be ſuch a communication of water 
from the canal to the river, in all ſituations of the cur- 
rent, as may let boats freely paſs from one to the other. 
This, of courſe, muſt alſo direct the depth of the floor of 
the laſt ſluice towards the mouth of the canal, he it to the 
ſea or into a river. If the bottom or floor of a fluice al- 
ready conſtructed be too low, it will ſoon fill up with ſand 
or mud, and thereby hinder the gates from opening, un- 
leſs. it he continyally cleaned ont; if, on the contrary, 
this floor be too high, and in a canal whoſe natural de- 
clivity is tao little for the free current of the water, as is 

| 4H 2 generally 
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generally the caſe in Holland and Flanders, all depth of 
the bed of the canal below the- horizontal level of the 
bottom of the ſluice will ſerve to no manner of purpoſe, 
either for navigation, or for carrying off the back-waters, 
but will ſoon fill up with mud, in ſpite of all means uſed 
to the contrary, except that of digging it continually 
ane w to no manner of purpoſe; as is evident from the 
reaſons given above (N* 33. 34.) 

38. Setting off from this determinate point, at the 
mouth of a river, or at the bottom of the laſt ſluice upon 
a canal, which are to be cleaned and deepened; the work 
muſt be carried on, in conſequence, uniformly through- 
out their whole courfe backwards into the country as far 
as is found neceſſary for the purpoſes intended. This is 
to be done after the following manner: 

1ſt, One muſt dig up and carry away all irregularities 
in the bottom and fides of the bed, ſuch as banks of ſand 
and mud, rocks, ſtumps or trunks of trees, and whatever 
elſe may cauſe an obſtacle to the regular motion of the 
water, and to the free paſſage of veſſels upon it. 

2dly, If the dechvity of the bed ſhould be ſtill too 
little to give a ſufficient current to carry off the water as 
often and as faſt as is neceſſary, the whole bed itſelf muſt be 
regularly deepened, and what is dug out from the bot- 
tom muſt be laid upon the ſides, to render it narrower in 


proportion 
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proportion to its depth. The reaſon of this is evident 
from all that has been ſaid. * 33 

z3dly, Wherever We banks are too low to contain the 
team in all its ſituations, they muſt be ſufficiently 
riſed; which may be conveniently done with what is 


with green turf will render theſe banks firm and 
ſolid againſt the corroſion of the water. It is proper at 
all times to lay upon the banks what is dug from the 
bed; by which they are continually renting againſt 
the force of the current. 


and ſinuoſities in the channel as much as poſſible, by 


wards a right line. This is a great reſource in flat coun- 
tres ſubject to inundations; becauſe thereby all the de- 
divity of a great extent of the river, through its turns 
and windings, may be thrown into a ſmall ſpace by cut- 
ing a new channel in a ſtraight line; as may generally 
be done without obſtacle in ſuch countries as I am ſpeak- 
ng of, and hereby the velocity of the current will be 


fery greatly augmented, and the back-waters carried off 
o a ſurprizing degree, as is evident from. what is ſaid; 


above in N 29. 


5thly,, 


dug out from the bed: and the whole being covered 


4thly, It is often neceſſary to diminiſh the windings 


making new cuts. whereby its courſe may approach to- 
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sthly, Wherever there is a confluence of rivers or ca- 
nals, the angle of their junction muſt be made as acute 
as poſſible, or elſe the worſt of conſequences will ariſe 
from the corrofion of their reſpective ſtreams; what 
they carry off from the fades will be thrown into irregy- 
lar banks in the bottom of the bed. This acute angle of 
junction may always be procured by taking the direction 
at ſome diftance from the point of confluence. 

Sthly, Wherever the ſides or banks of a river are lia. 
dle to a more particular corroſion, either from the con- 
fluence of ſtreams, or from irremediable windings andWe: 
turns in the channel, they muſt be ſecured againſt it as 
much as poffible by wveirs: for this corroſion not only 
deſtroys the banks, and alters by degrees the courſe o 
the river, but alfo fills up the bed, and thereby produces 
all the bad effects we have ſpoken of above in N“ 33 
34. &c. ** =. E 1 
7thly, But the principal and greateſt attention in dig 
ging the beds of rivers and canals muſt be had to the 
quantity and form of their declivity. This muſt be done 
uniformly throughout their whole extent, or fo much ol 
it as is neceflary for the purpoſes in hand, according tc 

the principles laid down above (in N' 29 and 30.) Cong 
formable thereto, the depths of their beds, and of thai 
Hoors of their ſluices, at the mouths whereby they dit 
charge 


on Rivers and Canals; 598 
charge their waters, being fixed according to what we 
dave ſaid in N* 3. the depth of the reſt of the beds, aud 
the quantity of declivity therein, muſt be regulated in 
conſequence thereof, ſo as to increaſe regularly the quan- 
tity of dechvity in equal ſpaces the farther we recede 
from their mouths, and proceed towards their ſources or 
v the-part where the regular current is to take place. 

If the depth. and volume of water in a river or canal 
s conſiderable, it will ſuffice, in the part next the mouth, 
o allow one foot perpendicular of declivity through ſix, 
tight, or even, according to DESCHALES'”, ten thouſand. 
ket in horizontal extent; at moſt it muſt not be above 
me in ſix or ſeven thouſand. From hence the quantity 
ef declivity in equal ſpaces muſt ſlowly and gradually in- 
eaſe as far as the current is to be made fit for naviga- 
ton; but in ſuch a manner, as that at this upper end 
there may not be above one foot of perpendicular declivity 
n four thouſand feet of horizontal extent. If it be made 
greater than that in a regular bed containing a conſider- 
ble volume of water, the current will be ſo ſtron g as to 
We found very unfit for the purpoſes of navigation, as 
mll appear hereafter, when I come to inveſti gate the 
uantity of declivity in ſeveral rivers, the degree of 
Priftneſs of whoſe currents is well known. 


(4). De Fontibus et Fluviis, prop. 49. | 
0 39, L 
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309. I dare boldly affirm; from the certalft princi. 
ples of hydrodynamics laid down in this eſſay, tłrat if ce 
above rrientioned things (No 35. 38.) were carried into 
execution in à proper manner; the velocity of currems 
and the acceleration of motion of the waters in river, 
and in canals when their fluices are open, might be in- 
creaſed to any degree that can be required for opening 
their beds, and for preventing inundations during great 
rains or fadden floods: by carrying off more ſwiftly the 
great acceſſion of water which then takes place. | 
would not be difficult, by theſe means, to increaſe | 
the velocity of the current to double and triple what 
it ĩs in rivers and canals, whoſe beds for a long ſpace of 
time have been left to themſelves. There is not, per- 
haps, a country on earth but what might be! freed from 
inundations by theſe means. But it may be objected, that 
if all T have adviſed was put in execution, even in the 
flatteſt countries, the currents of rivers (for canals ſhut up 
with fluices are here out of the queſtion) would become 
incommodious, if not unfit, for navigation, eſpeciall 
againſt their ſtreams. This objection would be of weight 
if it was not evident that the various means which I have 


pointed out may be executed in whole or in part, to 
certain degree, and no farther than neceſſary for the pur 3! 
T 


poſes required. But, as it is certain that a ſtrong anc 
pits regula 
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regular current in a river is the beſtof all means for keep- 


ing it open and deep, and for preventing the formation 
of banks in the bed by the ſubſidency of mud, 8c. which 


it does not allow time to precipitate; I leave it to be con- 
ſidered, whether it is better to have a free and open navi- 
gation ſomething incommoded by the ſtrength of the 
current, or to have ſoon no navigation at all, without re- 
peatedly digging the bed anew. 


40. I ſhall not here enter into the mechanical part 
of the methods of digging and cleaning canals, rivers, 
and fea ports, or into any deſcription of the ma- 
chines and inſtruments neceflary for that purpoſe. 
The ſubject would lead me much too far: beſides 
all theſe things may be found much at length in 
moſt of the authors who have wrote upon hydraulic- 
architecture, ſuch as BARATTERI, CORNELIO MEYER], 


GUGLIELMINI, and @ notorious anonymous French pla- 
giary, who has taken from MEYER1, without ever naming 
him, almoſt all that is contained in his book, publiſhed 
at Paris in 1693, and at Amſterdam in 1696, in octavo, 
under the title of Traite des Moyens de rendre les Rivieres 
navigables. But the author who has treated this ſubject 
with the greateſt care, and moſt at length, is the celebrated 
BELIDOR, in his Architecture Hydraulique, 4 vol. in quarto. 
To theſe may be added a late memoir of M. FokyAIT of 
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Nouen, vicel architect of the Prench heavy; Whit gang 
the prize of he Royal Academy of Scieiites ric Belles 
Lettres of Mantua, for having given the beſt ſblution of 
a problem propoſed by that Society in 1 7565 in the fal. 
lowing terms: “ To indicate the beft and cbenpeſi nibtbul 
4 of freeing navigable canals from banks of ſand and 
« earth formed in their beds which render them. t00-/hal-My 
* . This piece, printed at Mantua, by Pazzoni, in 


er. 


1778, contains ſixty-three pages in quarto, and is di- 
vided into two parts; the firſt contains the means of 
preventing the formation of banks in navigable canals; 
and the ſecond offers divers methods for remedying 
them when they are already formed. For this purpoſe 
. the author propoſes ſix different machines of his own 


invention : the firſt may be employed in rivers near the 
ſea, and ſubject to the ebb and flow of the tides; the ſe- br 
cond may be uſed in thoſe where the waters are always 
nearly of the ſame height and velocity; the third and 
fourth are to be uſed inthoſe places where the violence of 
the currents corrode the beds; and the two laſt ſerve to 
break up the banks of ſand or earth formed in the bot- 


tom, and to carry off all heterogeneous bodies ſunk in 
the river, which cauſe an obſtacle to the current. It 
would be difficult to give a juſt idea of theſe machines 
without the help of the ſix plates which accompany the 
Piece; 


YO Gd 


dect; hut as n dete of, a S has 1 


all antiquity, the ſcience of rivers and canals has been 


woſt cultivated, we cannot well doubt of its merit, or that 
i is — of a tranſlation into our own language. 
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V. Other confi aerations on the nature of rivers and 


ref? 


inundations. 


41. Rivers flowing along plains, as well as through 
rallies, have naturally their beds in the loweſt part of the 
ground comprized between the oppoſite hills or moun- 
nins: nevertheleſs, the ſurface of the water of a river in 


the midſt of a plain is often higher than the ſurface of 


the grounds adjacent to the banks of the river. This 
proceeds from the continual ſubſiding of the mud, &c. 
brought down by the ſtream during floods; the waters 
In that caſe uſually overflowing the banks ſpread them- 
ſlves oyer the plain, where they loſe a great part of the 
ſriftneſs of their current, which contributes greatly to the 
fubfiding of the mud they contain; ſo that the farther 


ey flow upon the plain, the clearer they grow, and the 
From hence the greateſt preci- 


leſs remains to ſubſide. 
pitation of mud muſt be in the parts of the plain neareſt 


the ſides of the river, which in length of time will raiſe 


412 theſe 


gowned.in Italy, the country of all others in which, from 
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theſe grounds above the reft of the plain. Again, the 
waters in the bed itſelf depoſing ineeffartly a part of the 
mud 8c. brought down by the ſtream, muſt continually, 
though inſenſibly (for a long ſpace of 'time)\raiſe the 
channel and banks of the river above che reft of the 
plain. Theſe cauſes may at laſt contribute to the form- 
ing of an intire new bed for the river; for as all rivers 
carry down in their ſtreams more or leſs mud and other 
heterogeneous matters, which do not ſubſide regularly 
in all parts alike, but muſt precipitate' faſteſt 'where the 
current is floweſt; there muſt accumulate by little and 
little in theſe parts ſuch banks of ſand and mud, as will 
in time hinder the current of the waters, make'them re- 
flow, and at laſt totally change their direction. 

| Canals are ſtill more ſubject than rivers to have their 
beds raiſed and their currents topped by the ſubſiding of 
mud and heterogeneous matter in different places, and 
eſpecially juſt above their ſluices; becauſe of the ſudden 
ſtagnation of the water which firſt begins there as often 
as the ſluices are ſhut: and as there is a neceſſity for 
keeping them for the moſt part ſhut, the ſtagnating wa- 
ters in their beds muſt precipitate their mud, &c. in a 
much greater proportion than can be done in the cur- 
rents of rivers, which are in a continual motion towards 
the ſea. 


42. ] 
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502 ell centar e the cur nent, Or more properly, ius 
of gr ea/4f-currents that dine ꝛnbich pages through all the, ſac- 


of the ſections (Ne 6.): but, on the contrary, if the bed 
is irregular and full of turns and windings, the center or 
line of greateſt current will likewiſe be irregular, and 


often change its diſtance and direction with regard to the 


enters of the ſections through which the waters flow, 
approaching ſucceſſively, and more or leſs, to all parts of 


regularities in the bed itſelf. 
centers of the ſections through which it paſſes, is a cauſe 


the following 9 


of the bed; becauſe it is that part which is neareſt to the 


60 


in ef ra riuem in ube point where tbe velocity of the current. 
istbe grteateh fall We have ſeen above (N*2 g.) thatif the 
current of a river is regular, and in a right line, its center 
or line of greateſt velocity will be preciſely in the center 


the bed, but always in proportion and conformably to the 
This deviation of he line of ereatef current from the 
of many and great changes in the beds of rivers, ſuch as 


1ſt, In a ſtraight and regular bed, the greateſt corro- 
fon of the current will be in the middle of the bottom 


line of greateſt current, and at the ſame time which is 
moſt acted upon by the perpendicular compreſſion of 
the water. In this caſe, Whatever matters are carried off 
from the bottom will be thrown, by the force of the 
current, 
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current, oqualiy towards th two aides, rexę the velocity 
ol che ſtream is the leaſt in che whole ſe ion g 4 
Adly, If the bed is irregular and winding, the line of 
greateſt current will be thrown, towards, one ſide f the 
river, where its greateſt for ce will be exerted in Propor- 
tion to the local cauſes which turn it aſide: in ſhort turns 
of a river there will be a gyration, or turning round of 
the ſtream, by reaſon of its beating againſt the outer ſide 
of the angle; this part will be corroded away, and. the 
bottom near it excavated to a great depth. The matters, 
ſo carried off, will be thrown againſt the oppoſite bank of 
the river where the current is the leaſt, and Fedder a 
new ground, called an ailuvion. | i 
3dly, Inequalities at the bottom of a river - retain and 
diminiſh the velocity of the water, and ſometimes, may 
be ſo great as to make them reflow : all theſe effects con - 
tribute to the ſubſiding of ſand, earth, and other matters 
thereon, which ceaſe not to augment the valume of the 
obſtacles themſelves, and produce thallows and banks in 
the channel. Theſe in time, and by a continuance of 
the cauſes, may become iflands, and ſo produce great and 
permanent changes and — in the beds of 
rivers. 
Athly, The percuſſions 5 of the ** of * current eos" | 


the fide of the bed are ſo much the greater as they are 
made 
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made Ander x greater angle of incidence; from whence 
it follows, that the force of percuſſion, and the quantity 
of corroſion and of detriment done to the banks and 
weirsof tivers/and to the walls of buildings made therein, 
md WHich are expoſed to that percuſſion, are always in a 
rect compbunu proportion of the angle of incidence, of the 
greaine and deptb of the ſection together, and of the 
quantity of velocity of the current. 

sthly, It may happen in time, that the excavation of 
the bottom, and the corrofion of the fides, will have fo 
changed the form of the bed as to bring the force of per- 
cuſſion into equilibrium with the velocity and direction 
of the current; in that caſe, all farther corroſion and ex- 
cavation of the bed ceaſes (Ne 31.) 
6thly, This gives the reaſon why when one river 
falls into another almoſt in a perpendicular direction, and 
makes with it too great an angle of incidence, this di- 
retion is changed in time, by corroſions and alluvions, 
into an angle much more acute, till the whole comes 
into equilibrium. | 
7thly, So great and ſuch continued irregularities, from 
local cauſes, may happen in the motion of a river, as will 
intirely change its ancient bed, corrode through the 


ama by where they are nn to the greateſt violence of 
percuſſion 


the velocity of the current in the old 'one will be dimi- 


thereof, the waters therein will precipitate more of their 
mud, &c. in equal ſpaces than they did before; which 


this caſe, all the water of the river will paſs into the new 


percuſſion of the ſtream, and open new bed 


lower than what the old one is become. ( 


8thly, Hereupon the ſtate of the old bed, will entirely 


depend on the quantity of w ater, and on the velocity and 
direction of the current in the ne one; for immediately 
after this diviſion of the waters into two beds is made, 


niſhed in proportion to its leſs depth. In conſequence 


will more and more raiſe up the bottom, ſometimes even 
till it becomes equal with the ſurface of the ſtream. In 


bed, and the old one will remain intirely dry. It is well 
known, that this has happened to the Rhine near Ley- 


den, and to many other rivers. I 


gthly, Hence the cauſe of the formation 'of the new 
branches and mouth, whereby many great rivers diſ- 
charge their waters into the ſea. itt) 

43. But in proportion as a river, that hoes none * theſe 
obRacies in its bed, approaches towards its mouth, we ſec 
the velocity of its. current: augment, at the ſame time 
that the dechvity of the bed diminiſhes, the cauſes 0 
which have been explained above (No 29.). It is for this 
reaſon, that inundations are more frequent and conſi 

=_— derable 
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Naribt, 1 Jo m Dag in the interior vent a 
country ha totratda the mauths of moſt rivers. 

in the Poyfbr\exampt6, the height of the banks thee 
t6 keep iri the waters diminiſhes as the river approaches 
wo theſe: At Ferftrathbey are twenty feet high; whereas 
nearer: the ſea they do not exceed ten or twelve feet, al- 
though the channel of the river is not 5 in one place 
e 871187 | 
44. The mouths of: rivers, by which they diſcharge 
divir waters into the ſea, are liable to great variations, 
which produce many changes in them. 3 

__ iſt, The velocity and direction of the current at theſe 

mouths are in a continual variation, cauſed by; the tides, 
WM vhich alternately retard and accelerate the ſtream. 
_ 2dly, During the flowing of the tide, the current of the 
nver is firſt ſtopped, then turned into a direction intirely 
contrary: throughout 'a- conſiderable extent; if we may 
beheve M. DE BUFFON, there are rivers in Which the 
effect of the tides 1 is ſenſible at x 50 or 200 n from 
the. ſea. | 
- 3dly, This ſtate of ming is a claſs he a get quan- 
ity of ſand, mud, &c. being precipitated and accumu- 
off ated in the channel near the mouth. This continually 
isaiſes and widens the bed, and at laſt changes it intirely 
Into a new place, or at leaſt opens new mouths to di. 
Ie vol. LXIX. 4 K charge 
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charge the waters at. The \Rhiney the Danube, the 
Wolga, the Indus, the Ganges, the Nile, the Miffiſippi, 
and many other rivers, are inſtances of this ν 2771 
Athly, All theſe effects are leſs ſenſihle at: the mouth 
of little rivers, as their currents oppoſe no ſenſible obſta. 
cle to the flowing of the tides; fo that the ebb garries of 
again what the flow had brought in. 
45. Whenever the courſe of a river throughout a con- 
derable extent of country approaches towards a right 
line, its current will have a very great rapidity ; and the 
velocity wherewith it runs diminiſhing the effect of in 
natural gravitation, the middle of the current will rife 
up, and the ſurface of the river will form a convex curve 
of ſufficient elevation to be perceived by the eye; the 
higheſt point of this curve is always directly above /| 
line of greateſt current in the ſtream. 
On the contrary, when rivers NY Near. enough 
to their mouths for a ſenſible effect to be; produced inf 
them by the flowing of the tides; and | atfa/ when in 
other parts of their courſe they meet with obſtacles at the 
ſides of their channel: in both theſe caſes the ſurface ol” 
the water at the fides of the current is higher n Us 
middle, even though the ſtream be rapid. In this fitu 
tion of things, the ſurface of the river forms a CONCAK 
curve, the loweſt point of which or that of inflexion, i 
3 © 14 dire!) 
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wiectty ang M8 gr currents Nhe veaſon 
re ib} Hat hefe ave in this caſe ted different and 
oppoſite curreiſtt ir cherer that hereby the waters 
ads chelfHν Am ppeſerde their motion therein 
een ex Hera qliſtance and that of the waters 


their meeting with local obſtacles; which form a counter 
diffrent ſemuch the more ſenſible as the flowing of the 
ide'ts trorigety dr as the percuſſion of the water is made 
aint greater obſtacles, and in a direction nearer to a 
perpendicular to them. From both theſe. cauſes, the 
greater of ieh by far is that of the tides, the water near 


ending ſtream is naturally the leaſt (N* 25), takes a 
ontrary direction; and runs back in the river, while that 


This counter current is what the French call a remous. 
An iſland in the middle of a river produces the ſame 
eker as/obftacles-at the ſides, "ow _ had to the 
8 liferenet of ſituuation of each. 6 
' Eddies and whiripools in rivers, in the center * which 
Waere appears a conical or ſpiral cavity, and about which 
Ne water turns wich great rapidity and ſucks in whatever 
P proaches aty proceed in general from the mutual per- 
aſſion of theſe two counter currents; and the vacuity in 
4K 2 the 
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nich vemduntz either by the flowing of the tide, or by 


the ſides of the channel, where the velocity of the de- 
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n the middle continues to flow on towards the ſea. 
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the middle is produced by the action of the centrifugy 
force, whereby the water endeavours to fecede, in a diteg 
ratio ef its veleciry, from the center abcr rich 
moves. eee 
46. If rivers perſevered always nearly ifi the 
fame ſtate (Ne 5.) the beſt imeans of ditmrüing the 
velocity of the current, When it is found t00 great for 
the purpoſes of navigation, would be by widering the ca- 
nal: but as all rivers are ſubject to frequent iitcreaſe 
and diminution, and conſequently to very different de- 
grees of velocity and force in the current, this' method 
is liable to produce very detrimental effects; for, when 
the waters are low, if the channel is very large in pro- 
portion, the ſtream will excavate a particular bed, which, 
according to the irregularities of the' bottom, will form 
various turnings and windings with regard to the princi- 
pal bed; and when the waters come to increaſe; they will 
follow, to a certain degree, the directions which the bot- 
tom waters take in this particular bed, and thereby will 


ſtrike againſt the ſides of the channel, ſo as to — the 


banks and cauſe great damages. ect ekt 
It would be poffible to prevent in part the bad effects 
Wn from the current 1 * , 


into the land, ng in ſuch a form and direction as that the 
ſtriking 


— Es! % 


r pu K my — wy — AA #m% 2 8NÞ © 


on Rivers and Canal,. 


ſtriking current ſhould enter and (circulate therein, fo as 


ro.deftroy, or at leaſt greatly diminiſh, its velocity. This 


eee * for a YO | way: down the 
me. | 


violence of, the ſtream during floods. Such gulfs being 


dug into the outer ſide of thoſe. turnings in the river 
which. are immediately above the place to be ſecured. 


from the violence of the ſtream, would ſucceſſively di- 


miniſh its velocity, its force and dangerous effects, a con- 
ſiderable way down the river. It is true, this method 


might contribute to produce an overflowing of the river 


nver, were the leſſer evil. 


47. The nature of inundations, and the manner of 


their nn. merit a particular attention in this 
place. 


i 
= 
E 5 


While the volume of water in the bed of a river in- 
n the velocity of the current increaſes in propor- 
tion, as has been repeatedly ſhewn above (N* 13.18. 20. 

f 4 988 
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This ſame method might probebly be uſed with ſuc- 
ceſs againſt the deſtruction of bridges, weirs, &c. by the 


upon the grounds adjacent to thoſe artificial gulfs, this 
being a natural conſequence of the decreaſe of the velo- - 
city of the current in thoſe. places; and it would remain 
to-be-conſidered whether thoſe local inundations, or the 
danger of deſtruction of the bridges or edafices 1 in the 
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23. 27. 28. 29.): But frorm tire bent tnf PT Uf 
this water overflows the bed, the velocity there Veptlis l 
to diminiſh (Ne 41.) ard does ſo more art nite, the 
farther it flows and fpreads on the Platt. 10 that ths 
overflowing being onte begtm, it is a ffatti al tones 
quence, that the inundation fhould continue for Revert: 
days; for though the volume of water brought Wa by 
_ the flood during that time ſhould decreaſe, yet, as the 
quantity of what runs off decreaſes likewiſe, from the 
great decreaſe of velocity in what overflows the plains, 
it will continue to produce the ſame effect a8 IF the vo- 
lame of water coming down had not ditufliflec, until 
the whole of the ſtream be every where contained again 
within the bed of the river. When that is becomethecaſe, 
the waters that have overflowed the plain will decreaſe 
thereon, by gradually and ſlowly running off; and 4tſo by 
evaporation, till they wholly diſappear:---If this was not 
ſo, we ſhould ſee rivers overflow for an hour or two, 
and then return again within their beds, u thing con- 
trary to general obſervation; for we conſtantly ſee inun- 
dations, once begun in flat countries, laſt for ſeveral days 
together, although in the mean while the rain ceaſes, 
and the quantity of water coming down diminiſhes. This 
muſt be the caſe, becauſe as the overflowing diminiſhes 
the velocity, and conſequently the quantity of water 
Carried 
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Fer 


carried off, it has the ſame effect ait a ue quantity 
till, coptinzed.to came.down:... : . 
lt guy not be nfeleßs to remark. here e, ben what we 
have often faid in. this eflay, becomes eyident;from theſe 
obſeryations. on nature, as well as from the principles 
laid down in it; to wit, that the moſt direct and effica- 
cious method of preventing inundations is by deepening 
the bed and raiſing the banks of the river. 1 
At may lik iſe be obſerved, with regard 1 
tions, that if the wind blows directly contrary. to the cur- 
rent of the river, the overfiowing will be greater than it 
would have been otherwiſe, becauſe this accident dimi- 
niſhes the velocity of the ſtream: but, on the contrary, 
if the winds. blow in the ſame direction with the cur- 
rent of the river, the inundation will be leſs than other- 
wiſe, and ſooner at an end; becauſe this accidental cauſe 


neee of the ſtreaa m. 


—4 770 70 0 FfIf > £3 435 © 


vi. -On:the ig of rivers, and on the . of 
tbe ſame river into divers branches and mouths, with 
the effects thereof _= the d of n inunda- 
_ cc. 
48. All —_ * W rivers receive into their beds 
many others of different magnitude throughout the ex- 
tent 


- 2 | * * % 
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16x92 — 
tent of their courſo- This is eviteds to even o 
only caſts his eyes over a map. The Nn⁰E,juPpbthel bt, 
in particular, receive each abo ne hamdred chers 
gretit and ſmall; the Danube above tao hundred the 
Wolga as many; the river of Amarons reovesinto its vaſt 
Hed a prodigious number, ſotiie of / which are f 
ÞHindred leagues in length, and are oi ſueh depth and 
breadth as would make them elſew her paſb D onpital 
rivers: M. DE BUFFON (H gives a liff of ite note «confi 
derable af tho which fall into other wreat! rivers 
throuphoutthe known world. Many:curiougparticulars 
may be ſeen in varenius's General Geography part l. 
chap. xv concerning rivers; but of à iature which 
does hot enter into my plan. The works themſel ves are 
in every body?s- any and may be mn thoſe 
ne ea „ t (295 ws! and ns i 

This confluence of Ard 18 een 
ing the motion of the water throughout a long courſe, 
and for renewing and accelerating from time to time its 
velocity, which otherwiſe would be too greatly dimi- 
niſhed by the reſiſtance of ſo many obſtacles as they 
meet with in their way, that, as we have ſaid ahove (N 
28 9 after Signor GUGLIELMINI, it can only he attribute! 
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— wiktom of the Author m in the 
45 We have ſeen — 18. 27. 28 that the in- 
creaſe of a river or canal by the new waters which it re- 
ceives, it niver/ally in an inver/e ratio of the new veib- 
city which is acquired therefrom. If this velocity is greater, 
the increaſe of the ſection of the new ſtream will be leſs 
in proportion, and vice ver/#. It follows from hence, 
that it is poſſible for one river or open canal to fall into 
another-river or open canal of equal magnitude with it- 
ſelf, and yet the ſection of the current in the common 
bed after their confluence ſhall be no greater than it 
was in each of them before their junction. It is certain 
that this will be the caſe as often as be confluence of the 
two augments the velocity of the common current in the ſame 


proportion with the increaſe of the volume of waters; both 


the greaterrapidityof the current, and the greater volume 
of water in the bed after the junction, ſerving to deepen 
it in proportion to its breadth, will contribute towards the 
above effet. Another cauſe will ikewiſe add thereto; 
to wit, that inſtead of the reſiſtance from the attraction, 
friction, and other obſtacles, in two beds, which give two 
bottoms. and four ſides, there are, after the confluence, 
only thoſe of one bed, of one bottom and two ſides. 
Moreover, the center of the ſection in the common bed 

Vo L. LXIX. 1 is 
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is farther from the bottom aii — HK in 
the ſeparate beds. All theſe cauſes; im prop tir ta chr 
reſpective quantities; contribute to accelerate'thie velbeity 
of the common fiream. 7 19159192 ig 1 Stiynood 

50. It is not leſs certain, that in rivers whiely bring 
down a great abundance of water, the more the velocity 
and diſcharge thereof at their mouths are retarded and 
diminiſhed by the tides, the winds, the rolling in of the 
ſea, &c. the more will the back - waters increaſe in height, 


and endanger overflowing the inner parts of the coun- 


try. This is evident, becauſe the decreaſe of velocity in 
the current, and the increaſe of height of all the back- 
waters that are affected thereby, are in a reciprocal in- 
verſe ratio one of another (ſee above N“ 32.) 
Nature itſelf teaches us a method of preventing, or at 
leaſt of diminiſhing, this effect. We ſee all great rivers 
overcharged with a vaſt volume of water divide, when 
they come near the ſea, into different branches and 
mouths, whereby the-ſuper-abundance of their waters is 
diſcharged. This is the caſe with the Scheld, the Rhine, 
the Rhone, the Po, the Danube, the Wolga, the Euphrates, 
the Indus, the Ganges, the Nile, the Niger, the Oroonoko, 


the River of Amazons, and with almoſt all — 4 
vers. 0 u Sd of} 


7 
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n Tbisſap aft and diſperſion of the tog great quan- 
tity of water into ſeveral, channels is one cauſe, of their 
ſeldam. overflowing, the country near their mouths , 
becauſe it gives a greater depreſſion and declivity to the 
ſurface; of the current, and thereby facilitates the run- 
ning dewn of the waters from the interior parts of the 
country, foraſmuch as their beds are every where regu- 
lar and free from obſtacles to their current. 
51. Notwithſtanding the apparent oppoſition to what 
has been {aid in ſeveral other parts of this treatiſe, I re- 
peat again, that this diviſion and diſperſion of the waters 
into ſeveral branches and channels when there is ſuch an 
abundance of it as is ſufficient to keep up the velocity both iu 
the old and new channels, augments the dechvity, and 
thereby facilitates the running off of all the back-waters 
from the inner parts of the country, as far as the bed is 
regular and free from obſtacles, according to what is 
laid down above (Ne 38.) . 

But whenever this ſuper-abundance a wiki ſuffi- 
cient for keeping up the velocity in each channel nearly 
to what it was before the ſeparation or divarication, ſhall 
be found wanting, it is certain, that this diviſion and diſ- 
perſion of the waters into ſeveral channels will only ſerve 
to diminiſh the velocity of the current in each, whereby 


Another cauſe thereof is pointed out above, N' 43. 
4 L 2 as 


i 
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as much or more diſcharge of the water, andcanſequently 
of dechyity tor the, running off of the bach waters, may 


de Joſt, as has. 2 Sained, by the, ſcharation into dif- | 
ferent beds, gan .cinitvdA Jo 2ni2ovorm fdgid 9 nyt 


This diſadvantage may be eafly; qemediedein fhoſe 
new channels and mauths of rivers which are dug by 
hands, and have ſluices placed in them at-the; point of 
ina ' bed; for theſe (flajces of 
communication need be opened onty when there is a 


ſeparation from the ori 


ſaper-abundance of water in the river, ſuſſicient to keep 
up the velocity in each of the channels; at other times 
they may be kept ſhut, and — their 
original bed. u 1 
52. It was for this 8 of ——— 8 i App 
proceeding from immoderate inundations, that the an- 
cient Egyptians dug vaſt lakes, and made ſo many canal 
and fluices of communication between the Nile and thoſe 
lakes, and from thence to the ſea; that they. might 
thereby be able to diſcharge the waters into thoſe. reſer - 


voirs if they, came down in too great abundance, or let 


them off again from thence upon the land, if the quan- 
tity of the natural inundation at any time was leſs than 
what was neceſſary for the good of the country. By theſe 


means ancient Egypt was always maſter of its waters. 
T It 
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(pelt Ust 3 Gains Teide rn in that Country, 
ther we Ne yl its regular intundations waters the 
Andy brit greg dy upon! it the rain and melted now 
from the high mountains of Abyſſinia. HEROHDO TUS C 
l BoBo STe IU s C hive left us deſcriptiotis of 
me imthenſe laböurs of the inhabitants to govern and 
multiply aiſo beneficent a river, the particulars whereof 
r toοπτ.n KID WIr to be repeated: in this place. By 
theſe Means Egypt became the granary of the world for 
bove two chowfand years, and reimburſed, with im- 
nenſe ad vurttage, the firſt expences. 

Rec is EHHAaſfures tis, that the ancient Perſians did the 
ame thing with regard to the Euphrates, and for the ſame 
nd. He adds, moreover, Sic ubi Cyrus Gangem in A 
en 4,60 ber ſit, minora damna ex Gangis alluvionibus 
ampi perpeſt ſunt; but I am totally at. a loſs to find upon 
what authority he grounds this laſt affertion, for I never 
rad that any cyrus penetrated as far into India as the 
noutkh of the Gunger, much leſs reigned ſo long over | 
bat country as —— the vaſt work which RIC 
aof ſpeaks of. LE 


n In lib. It: " 
(bY Biblioth. I. II. c. Ys ppc 
(i) Geogr, et Hydroge. I. * cap. ur- . 148; 249. 
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PLINY '” ſays, with regard to the different mouths « 
the Po, Omnia ea flumina faſſaſque primi Sagi ferer; 
Thuſci, egelo amnis impetu per tranſverſum in Atriano- 
rum Paludes, que Sepiem Maria Appelant ur. > Theſe 
ſeven lakes diſcharged their waters;.into the ſea by 
ſeven mouths, which PLINY names in the ſame place, 
All this was apparently done that the river might do 
leſs damage to the adjacent countries by its frequent in- 
undations. PII NX adds, His /e Padus miſcet, ac per be 
efunditur, pleriſque, ut. in aan Nilus, i quad vocant 
Delta. Rr | 1 U 1 
To theſe examples, drawn from ancient hiſtory, * 
be added many modern ones, if the things in queſtion 
had need of further proofs. Thus, both nature and the 
experience of a long ſeries of ages teach us, that the ſe 
paration of a river into ſeveral beds, by new branches 
and mouths, is a means of diminiſhing inundations ir 
the inner part of the country; but that this takes place 
only when there is a ſufficient abundance of water in the 
river to fill the new beds and channels ſo far as to preven 
the velocity of the currents therein from being notabiſſ « 
diminiſhed from what they were before the diviſion. 
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(4) Hift. Nat. I. III. cap. xvi. : mn 
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on Rivers ani Canals. 
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331. 


Laws my the . of opoſite currents, with the appli- 
caaion of them to-/tices. 
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543. When two equal currents of homogeneous fluids 
meet in oppoſite directions, there is firſt a ſwelling and 
ſing up of them at the point of rencounter; then 
follows a revulſion and counter current of each equally 
back again, ſo as to bring the whole to an equilibrium. 

54. If the two oppoſite currents are unequal, either in 
force or in quantity, or in both, there will ſtill be a ſwel- 
lng and revulſion of each back again, but it will be 
diminiſhed in the greater current, and augmented in the 
efler, by the quantity by the which the one ſurpaſſes 


ents will have a ſlow and progreſſive motion in the di- 
rection of the ſtronger, the degree of velocity thereof 
deing always in a direct ratio of the force and quantity 
of the one above tlie other, 


other, and continue to follow its firſt direction, until: 
ſuch: 


the other; and the point of rencounter of the two cur- 


55: If che fluids in oppoſite currents obs not homoge-- 
neous, as is the caſe: between ſea and river water, that 
which has the leaſt ſpecific gravity will ſwim upon the 
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ſuch time as the heavier fluid ſhall have comm 
its motion to all the parts of the lighter. But the wn 
fluid will not loſe its former motion and direction at 
once, but in a decreaſing /eries, tbe law whereof mill. vary 
according to the greater or leſs difference of ſpecific gravity 
in the two fluids, until the whole of the lighter has ac- 
quired the velocity and direction of the heavier which 
buoys it up. 

The time and ſpace required for a greater current of 
ſalt water to communicate its motion and direction to an 
oppoſite one of freth water will be but very little, ſince 
they differ in ſpecific gravity only r parts that the ſalt is 
heavier than the freſh. It would require much greater 
between water and oil, and ſtill much more between 
quickſilver and oil, and fo on. The elements for deter- 
mining them in every caſe might be found by a proper 
number of experiments. 

56. Let the two currents be equal or unequal in 
force and velocity ut nearly of the ſame ſpecific gravih, 
if we ſhould ſuppoſe at the ſame time that their ſurfaces 
are not upon a level, but that the one is higher than the 
other (as is conſtantly the caſe in all ſluices that open to 
the ſea, except at the moment when the ſurface of the 
tide is upon a level with the ſurface of the water in the 
canal behind the ſluice); this circumſtance entirely 


* f 


changes both the caſe and the effects. It is certain, on 
this 
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nis fuppofrion thinthe overplus of velocity and ele va- 
tow in the higher current; thowuply it ſhould be the leſſer, 
will make the waters in the lower afid greater current 
Ml reflow upon themſelves until they come to a level and 
equilibriurn with thoſe in the upper current; fince 
theſe, by the laws of univerſal gravitation, cannot flow 
back frorn a lower to a higher level, but muſt deſcend 
according to the declivity of the ſurfaces. If the currents 
are of very different eric gravities, they will come to 
an equihbrium according to the law laid down above (No 
55); but their greater or leſſer quantity and n 
will produce little or no effect in this caſGm. 
57. Now as the running of two currents in oppoſite 
directions, after their rencounter, and beyond the limits 
aid down above (Ne 5 f.) is incompatible with, and con- 
tradictory to, the laws of nature, and conſequently im- 
poſſible; we may draw this uſeful concluſion, which be- 
comes important during inundations, and eſpecially 
during the annual overflowing of the low grounds in 
flat countries; to wit, that if the fluices next the fea 
againſt which the tide flows be ſhut only a quarter of 
an hour before the food has riſen to the level of the 
water in the canal, not a drop of ſalt water can enter 
the ſaicl canal, nor eben into tlie ſluice itfelf; betauſe 
both the progreſſive motion of the point of rencounter of 
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the Iwo curren ts, and the over-/wimmins of the f reſh 
water upon the ſalt, will be always without the ſluice and 
towards the ſea, ſo long as the ſurface of the tide is below 
the level of the water in the canal. Many fluice maſters, 
for want of knowing or conſidering this, are accuſtomed 
to ſhut their gates next the ſea a little after haif food, un- 
der the pretence of preventing by this means the falt wa- 
ter from getting into the canal, and communicating | 
thereby with the waters that overflow the low grounds 
in many places during winter, which would be of great 
detriment to the foil. Through this falſe perſuaſion, 
they loſe no inconſiderable part of that time every day, 
which they might ſafely employ in drawing off the wa- 
ters which overflow and incommode low and flat coun- 
tries almoſt every winter and rainy ſeaſon, as is the caſe 
in the Dutch and Auftrian Netherlands. 


S&avT10N I. 


Experiments to determine the different velocities, in different 
depths of water, of the ſame floating body moved uni- 
formly by an equal force. 


58. It is well known already, that for facilitating or 
retarding the motion of boats, 8c. in canals, the different 
Re _ depths 
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depths of the water, above that ſimply neceſſary to keep 
them afloat, is a thing not at all indifferent. Dr. RANK - 
LIN has already treated this ſubject, though perhaps 
not with ſufficient accuracy, in a letter to Sir JOHN 
PRINGLE, Written in the year 1769. He proves, how- 
ever, that it is univerſally known among people accuſ- 
tomed to work boats on canals, that there is a conſidera- 
ble difference in the ſwiftneſs of their motion according 
to the greater or leſs depth of the water therein; 
and that the water being low is of itſelf ſufficient to 
retard the motion of a boat, without the keel thereof 
rubbing againſt the bottom of the canal. The reaſon he 
aſſigns for it is evident; for a boat cannot advance its own 
length in a canal without diſplacing a quantity of water 
equal in maſs to the ſpace which the boat occupies under 
the ſurface of the fluid. The water ſo diſplaced. muſt re- 
trograde, and paſs under, and to the right and left, of the 
boat : ſo that the leſs depth and breadth of water there 
is in the channel, the more in proportion it muſt riſe up 
and weigh againſt the boat, and the more difhculty it 
muſt find in paſſing under and along ſide of it, and ne- 
ceſſarily muſt retard ſo much the more the motion thereof. 
The reſult of Dr. FRANK LIN's experiments on this ſubject 
may be ſeen in the letter above mentioned. 

4 M 2 59. Mr, 
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59. Mr. NEEDHAM, Director of the Imperial — 
of * Sciences at Bruxelles; being of opinion that Dr 
FRANKLIN? 8 experiments were made upon too r 2 
ſcale to draw any very exact inferences from them, de- 
fired me, at the beginning of the year 1775, to make a 
new ſet of experiments upon a much larger ſcale and 
with all poſſible exactneſs; I did n and ſhall! 
here give a ſhort deſcription of them. 

I got made, by the ſhip carpenters of Nieuport upon 
the Coaſt of Flanders, an exact model of a bilander, an- 
ſwerable in all its proportions to thoſe uſed in the Low 
Countries. Its length was thirty-nine Engliſh inches, its 
breadth nine inches and a half, and its depth nine inches. 
Its form both within and without exactly repreſented 

that of a bilander. At each end of it was faſtened 
perpendicularly a round and poliſhed rod; ten inches and 
and a half in height above the ſides of the boat. 

I got made likewiſe a wooden canal, twenty feet in 
length, thirty-ſeven inches in breadth, and fixteen inches 
in depth; a ſection of which is repreſerited in the fol- 
lowing figure: 


— p — - 8 x 
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This form is that of the excavation of the canals in 
the Low Countries, and approaches to that of the natural 
beds of rivers inaſmuch. as they are regular. Here 
4B=37 Engliſh inches, Dc=1 6 inches; and the length of 
the whole canal, as we ſaid before, was twenty feet. 
2 repreſents the ſection of a pulley fixed at one end of 
the canal, upon which paſſed a ſmall cord, one end of 
which was tied to the round rod at the fore part of the 


boat, and at the other end was a piece of lead which 
weighed eight ounces. This ſerved for an equable force 
to give an uniform motion to the boat throughout all the 
experiments. x and y are ſections of two other cords 
ſtretched parallel to each other at about one inch and a 


half diſtance, and reaching from one end of the canal to 
2 the 


526 My. MANN's Treatiſe 
the other. he two round rods fixed at che ends of the 
böat; moving within-theſe parallel cords; ſerved to make 
the boat move in a right line i in the middle of the canal, 
without running againſt either fide, which ĩt would hare 
done without this precaution; The canal itſelf was upon 
an exact level, and one end of it, where the pulley was 
fixed, reſted upon the fide of a well twetty=three feet 
deep, twenty of which were above the ſurface of the 
water; which gave ſufficient ſpace for the free and uni- 
form deſcent of the lead- weight and cord running over 
the pulley, as they drew the boat *. one end of the 
canal to the other. | e 
Latts, exactly divided into inches, were nailed againſt 
each end of the canal within, to mark the different 
depths of the water in it according as it ſhould be aug- 
mented or diminiſhed. The outſides of the little boat, 
from its keel upwards, were likewiſe divided into inches. 
In the inſide of the boat was a quantity of ſand ſufficient 
to ſink it to ſix inches deep in the water. The common 
loaded bilanders in the Low Countries uſually draw ix 
feet of water. | 
Thus the form of the wooden canal, together with its 
breadth and depth, and the form and dimenſions of the 
little boat, together with the depth of water it drew by 


means of its ballaſt of ſand, exactly correſponded with 
thoſe 


the 
the 


the 
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boſe inithe ral œanals and bilanders in the Low Coun- 
tries, I in . N wering to a foot in the 
her, 511 to bin ig | 
Cloſe, — canal, * out * * way of all wind, Was 


ſuſpended a pendulum of fine, waxed thread, to preyent 


the variations of the atmoſphere from altering its length, 
which,from the point of ſuſpenſion to the center of gra- 
rity in the lead was 395 Engliſh inches, ſo that its iſo- 
chronic vibrations were exactly ſeconds of time. 

60. It was neceſſary, in order to render the experi- 
ments exact, that they ſhould be made at a time when 
the air was perfectly calm; for the leaſt breath of wind, 


during the motion of the boat, cauſed great variations 


ind irregularities in them, which it was abſolutely neceſ- 
ary to prevent, in order to be able to deduce any exact re- 


ſults from them. On the contrary, in a perfect calm, the 


times of the paſſage of the boat, from one end of the ca- 
nal to the other, were exceedingly regular, as may be ſeen. 
from the table of experiments which I give below. 

By means of the pendulum I was able to meaſure 
the times of paſſage of the boat along the-canal, in all 
the different depths of water, to a third or even to one 
quarter of a ſecond. The boat being held faſt againſt 
the back end of the canal by the hand of an aſſiſtant, and 


then let go, it was eaſy for me to perceive the preciſe 
inſtant 
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inſtant of the beginning of its motion, to let go the pen- 
dulum at the ſame moment, and to count * vibration 
till the inſtant that the boat ſtruck with an accelerated 
force againſt the fore erid of the canal. As to the weight 
of eight ounces ſuſpended at the end of the cord, and f 
which ſerved as a oi force to draw 't ths” boat along 
the canal, it was juſt as much as ſufficed to counter: f 
batande the-cord, and to put the boat f Mm motion; ; leſs Ml [- 
weight than that would do neither: therefore I v 
obliged to uſe ſo much, notwithſtanding the conſiderably - 
accelerated motion it gave to tlie boat. bs : 
This is the whole mechaniſm. of the 3 [2 
uſed for the experiments in queſtion, and ſuch were the 
precautions I judged it neceſſary to uſe for makin g thenf 
with ſcrupulous exactneſs. 
In the following table, which conſiſts of twelve co- 
lumns, the firſt of them contains the different depths of 
water at which the experiments were made; the ten follow - 


ing ones contain ten different experiments made at each 
depth of water in the canal; and the twelfth or laſt co- 


th 
lumn is the reduction of the ten others to a mean pro- 

m 
portional c or mean reſult of the Whale, which 1 is in in Jecon g 
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of lime. 
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Table of experiments made to 8 the times of 
paſſage of the boat along the canal, or its different 
degrees of ah in bd depths of water. 


ock | 7th | 8th | geh roth Mean 
elde itto ditto ditto Reſults. | 


2 


208] 20 | 20 | 20 | 20 


| 1 


IEF 23. 


la the experiments made with this depth of wart, the] 30 by 
boat often touched the bottom, _ ſuppoſition 
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It may be obſerved with regard to the laſt column of 
the above table, which contains the mean reſults or 
mean quantities of time which the boat takes to paſs 
from one end of the canal to the other in different depths 
of water, that it is given for the ſake of deſtroying thoſe 
little differences which are inevitable in practice; and it 
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630 Mr. waxes 1 
ſhews, a5 s nearly as poſſible, what the true time of paſ. 
ſage ought e to be when' nn n dif. i 
turb _ 3 | 

"It is alſo highly worthy of remark; chat the nean 
fur contained in this laſt column form a ſeries of um- il 
bers Ld increaſmg ar the depths of water, wherein b 
tbe reſpective experiments were made, regularly decreaſe; 1 
ſo that be different velocities of the floating body are in an 
inverſe ratio of the reſpeciive aepihs of the water in which it 
it floats with an equal inthulffue force, and that according 
to the law of the above ſeries. This, perhaps, may fur- 
niſh elements to calculate, pretty near the truth, the dif- o 


* 1 
# & $ & _ wy 4 


ferent velocities of veſſels upon canals and rivers with t 
different depths of water in all other cafes whatſoever, * 
As to the concluſions to be drawn therefrom i in practice, 

and in the common uſes of life, they are too obvious to 0 
need mentioning here. t 


EG. m v.. 


On the quantitiiy declivity in rivers. 


62. Abſtracting from all reſiſtance and friction, fluids, 
ſuch as water, deſcend upon planes let them be never ſo 
little inclined towards the center of the earth: and the 

5 | velocity 


ff — by wy 
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velocity of deſcent increaſes in a compound ratio of the 
increaſe of the maſs of water, and of the greater declivity 
of the plane which ſerves for its bed (N“ x 3.). 

63. Water, though unaffected by any compreflion or 
impulſion from above, cannot remain immoveable in any 
bed whatever except that which makes a curve perfectly 
concentrical with the ferreſtrial curve; but in this, being 


every where equally affected by the force of gravitation, 


it will remain without motion any way. 

64. It follows from hence, that the {prin gs and ſraxces 
of all rivers muſt be at a greater diſtance from the center 
of the earth than one ſemi-diameter thereof, which is 
terminated at the ſurface of the ſea; without which the 
waters could not run to the river's mouth. 

65. Therefore, the abſolute elevation of the ſurface 
of rivers is continually diminiſhed as they recede from 
their ſprings, becauſe of the neceſſary declivity of the 
beds of rivers towards the center of the earth; for with- 
out ſome degree of this declivity the waters could not 
run at all, as has been ſaid above (N' 62. 63.). 

66. The declivity of the beds of rivers cannot be a 
right line making a rectilinear angle with that horizontal 
plane which, being continued, would interſect their re- 
_ ſpective ſources; but, if it is regular, it muſt be a curve 
which differs very little from that of the earth's ſurface, 

4 N 2 and 


— 


— 1 — 
. « +: * . 
= = 
” 


- <8 + 
— - 
<a. * 


— 
— - 


- - _— — y — — 
3 
= wal : * 


- - þ 
— 4 ES _ — 2 
— — —_ > —c—_————— — 
— . 
— 
— 


—— — 8 2 — _ — — — 2 — 2 — — — — — 22 - — 2 2 - 
— IE * 
- 8 4 _ —_ , ——_— PEACLY - — » _—_— — 
—— 2 „ — 
5 
9 — 
2 >— 4 ©. - n 1 — — — * - 2 - - _ - 
4 — 124 * ry — * . x — = T * = th d _ —_— 7 _— Y 
2 | - 1 - - 
* - 7 * ) _ - py - = 
. — — — A — — 3 * — — © 4 — tO. - - . - — 
— _ h d 
» , - — * — 
—a- \ — l 2 
= „ — 


— 
— 9 


1 
1 — — 
= \ 
— — 


=. 


a — — 
— $0 = 
— — 2 — 


— —U— —— 
1. - 


IE Ic. — 


* — — 
- 


— 
_— 9 4 


632 Mr. MANN's Treatiie-. . 
and this, if the direction is in the} parallels vf latitude 
due Eaſt and Weſt, is ſpberical; but im all other direcs. 
tions it is a portion of an oblate allipſis, on account of the 
earth's being a ſpheroid compreſſed by its axis: Now the 
horizontal plane which continued paſſes through the 
ſprings of rivers, is always a tangent to the curves of 
their beds: at the 7 of inflexion, inſomuch as theſe 
are regular. 71g $0450 ASH 16r790 
67. The quantity of abſolute dedtivity from the ſpring: 
in any determinate part of a river, is that perpendicular 
line drawn from the point of greateſt current in that 
place till it meets be curve concentrical tothe earths 
ſurſace which paſſes through the river's ſource. Ehe de- 
clivity of the bed below the ſpring is had by taktirig the 
fame perpendicular from the bottom of the bed; as that ter 
of the river's ſurface is by taking the perpendicular from Win 
thence. 7: irc 
68. If a plane be appt hecizentaty every way With 
from the point of tangency to the earth's ſurface, or from de 
the point where it is perpendicular to: any radius of the 
earth, water will run from every other part of the plane I he 
towards that ſaid point which is nearer to the center of 
the earth than any other point in the whole plane. Hof 
69. The depreſſion of the curveicf a:rivers bed, below 
* concentrical-terręgtrial.curuæ which inter ſecis ii 
ſource 
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ſurce, being o 25 o fathom perpendicular in a courſe 

of oo leigues, it will be ſufficient to give a notable curo 

rent in a regular bed throughout all that extent of river, 
25 appears from what we have ſaid above (N* 380. BUt 
the depreffion of tbe curve of the'piner's d below the ' 
horizontal plane which is a tangent to its ſource, in this 
ame extent of courſe, is not leſs than ninety leagues per- 
pendicular, being always ze /ecant of the arc of the ri- 
vers extent minus a radius of the earth' in that point. 

70. It follows evidently from the above princples (N- 
62— 60), that the declivity and velocity of a river are 
leſs in proportion as the bed approaches nearer to bein g 
concentrical with the curve of the earth's ſurface. 

71. I ſhall now apply the principles laid down to de- 
termine, as near as poſſible, the real quantity of declivity 
n different rivers, making uſe of what is already known 
from experiments and actual menſuration to determine 
che ſame in all others by the compariſon of the different 
eegrees of velocity in their reſpective currents. 

72. It is the general opinion of moſt of thoſe who 
have examined this ſubject , that rivers and canals 
which have leſs than one foot of declivity in 1 o, ooo feet 
of courſe, will have very little current, unleſs it be by 
means of the great abundance of their upper waters 


(A) Vide DESCHALE s, de Font. et Fluy. | | 
4 which 
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which give motion to thoſe before them by ein weight 
and impulſion. Without this the reſiſtance proceeding 
From the bottom and ſides of the bed; and from other 
accidental obſtacles ( Nꝰ 2 1.) would equal, if not ſurpaſ, 
the ordinary cauſes of acceleration (Nꝰ 20) ſo as to dimi- 
niſh continually the motion of the waters, and at laſt 
render them almoſt ſtagnant (N' 22.). But nature haz 
prepared remedies againſt this, as we have ſeen above 
(Ne 28. 29. 48.). What Ricciolf Y ſays of the Po, in 
that part of its courſe next its mouth, is perfectly con- 
formable to this theory: Sic Padus, qui a Pago OHellata 
„ vocato, uſque ad Adriaticum, intervallo milliarium cir- 
4 citer 70, non habet libramentum majus 13 aut 14 
<.pedum, ita ut ſingulis milliarihus ne 3 quidem unciæ 
« declivitatis obveniant; unde Paduſæ, potius inſtar ſtag- 
4 nantibus aquis, incertiſſimus eſſet ad defluxum curſus: 
< impetu tamen impreſſo a 30 et amplius fluminibus 
aut torrentibus fe in illum exonerantibus, etiamque a 
46 native pondere aquæ ex ſuperioribus et altioribus 
<6 prope Alpes alveis 2 velocitatem maximam 
« acquirit.” - [4-879 $1 13% 1 13 1 | 
7 3. From many bereiche and trials which I made 
for this purpoſe in the years 1773 and 1774 upon the 
river Iprelee in Flanders, which comes down from the 


Y Geogr. et Hydrogr. I. VI. c. xix. p. 215. edit; Bonon. 1661. 


city 
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ity of / Ipres and falls into che ſea at Nieuport, having a 
07 modsrate cummeut hen the fluices upon it are open, 

foundits uam daclivicꝝ to be nearly three fathoms four 
ket and eight inches in 2040 00 fathoms of extent of its 
wurſe, or very nearly one foot in a meaſured Engliſh mile. 
Way its mean deeliuvity, becauſe from what has been ſaid 
J:bove-(N*2:3. 27. 28. 29.) it is plum, that a greater or 
Ws quantity than ordinary of water in it will add to, or 
Jake from, ſomething thereof; but maſs in each 
part of its bed is nearly uniform 2 TN 

As the ſources of this river, and thoſe of the Ifere- 
rhich joins it at Fort Knock, four leagues from Nieu- 
Jrort, are in the higher grounds of Flanders towards: 

Houthern, Mount Kemele, Swaertſberg, Catſberg, and 

the other hills as far as Mount Caſſel; and as the reſt of 

their courſe is in a flat country with a very ſmall deſcent 
J towards-the-ſea, the declivity thereof may be taken as 4 
nean between that of the other rivers and canals of 
anders: the artificial canalt will have leſs, not above 
2 ſix or ſeven thouſandth part of their extent, or one 
twelfth of an inch in each eight fathoms: the rivers Lys 
and Eſcaut, before they fall into the flat country, ſome- 
thing more, after which they may have about the ſame, 
or even ſomething leſs. between Ghent and Antwerp. 
| This 
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This quantity of three fathoms four feet and eight 
inches of decirvity in 20,000 fathoms of extent, give 
the proportion of the declivity to the extent as x U 
8292, which is online or twelfth part of an inch in 6: 
fathoms, and two feet ſeven inches in one French league 


5 
of 2283 fathoms. Now the meaſured Engliſh mile con- 
taining 8280 feet, tis proportion of 3a approaches | 
very near to one foot of declivity in every meaſured mile 8 
of extent, that I ſhall every where reduce what I call the 
mean declivity to that quantity, as a ſtandard wherewith 


to compare the reft. 

74. In canals, all whoſe flnices and vents have been 
kept ſhut a ſufficient time to render the water ſtag - 
nant throughout their whole length, there cannot be al- 
lowed above an inch or two of declivity for each mile in 
length, on account of the water that unavoidably runs 
off through the chinks of the doors of ſluices, drains, &c. 

7 5. According to the obſervations of the Abbe cyarrs 
D'AUTEROCHE.'”, the floor of the Hall of the Royal Ob- 
ſervatory at Paris is forty-five fathoms three feet and five 
inches French above the level of the ſea at the mouth of 
the Seine. According to the Abbe NoLLET, this ſame 
floor is forty- ſix fathom above the level of the Ocean, and 
only forty-five fathoms above the level of the Mediter- 


(m) See Relation de fon Voyage en Siberie, tom, II. p. 406, 407. 444 
| raneal 
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rane af fea-. Agalfl, acc Cording 1 to the above Abbe CHAPPE, 
the- ai fi6 r Of die Otter vatory is elevated twenty⸗ four 
fathöfhis Gti fo And tefilinches above the level of the 
vt SES Paris therefore the level of the Seine un⸗ 
der the Pont Royal at Paris f iS twEnty-one fathoms one 
foot JH feven inches above klleꝰ level f the Ocean; and 
fuch afo is the quantity RIH Nef. eAsstNr have given, 

from Mere own obſervations and &x periments, for the 
ik heipht of TRE Seine at Paris abo 5 the lerer of u the 


: 
* 9 
LIL 4 7 SIS * 


ſea. 

Now the courſe of the Seine from Paris to its mouth 
at Havre de Grace, by following all its turns and wind- 
ings, is about 90,000 fathoms in length; therefore 
= 4432“ fathoms' of extent for one fathom of de- 


21.1.7 


clivity in the} river Seine, or one line in 45 kathoms, and 
conſequently t the proportion of its declivity to its length 


| . 417 


is as one to 423 2:, It is to be obſer ved, that t the bed of 
the Seine is deep, and its current conſiderably ſtrong. 


| 401 
76. By ſimilar obfervations and actual levellings made 
| IL Mn $394 991M man & 1 > 
upon the river Loire t y M. u. PICARD and PITOT „ the 


SLE 7 775 2 4 2 1 1 
declivity t Nr in Proportion to its length is found to 


i, „1440 304 2 +3 $ ot + 
be as ons to 31 5 which is one line in 3; * fathoms: 
| dn: 93 2 Helen 4191415, 
. . anding | 15 great declivity of the bed of the 
16 0.2 


Loire it is obſerved, nat the velocity o of the water ther hs 


(a) Lee Memoires a; 1 Acad, Royale des ene de Paris, pour 1730. 
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compared to that in the Seine, is leſs than it ſhould be in 
proportion to their reſpective declivities, which is very 
juſtly attributed to the much greater depth in proportion 
to the breadth of the Seine, above what is found in 
the Loire. This laſt river is remarkably broad, and ſo 
ſhallow that in many places it is hardly navigable for 
boats. Now this, according to the principles laid down 
above (N* 27, &c.) muſt very much diminiſh the ſwift- 
neſs of the current, which it ſhould otherwiſe have from 
the great declivity of its bed. In confirmation of this it 
is moreoyer obſerved, that in great falls of rain, which 
_ equally increaſe the volume of water in both theſe rivers, 
the velocity in the Loire augments in a much greater 
Proportion than it does in the Seine; and this obſervation 
is likewiſe conformable to the principles above laid down 
(Ne 12. 28. &c.). 

77. The river Doux, after paſſing by Beſangon, falls 
into the Saone above Chalon; the Saone joins the Rhone 
at Lyons. This river, from Beſancon to its mouth in the 
Mediterranean ſea, is one of the moſt rapid in the known 
world: the velocity of its current is at leaſt double to that 
of the Seine or Loire, and its courſe is almoſt in a ſtraight 
line. The difference of elevation of this river at Beſan- 
con, above that of its mouth in the Mediterranean ſea, 


after a courſe of about eighty-ſix French leagues, has 
been 


> 
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been found, by a lon g ſeries of barometrical obſcryations, 
o be about ſeventy-five fathom , which gives the pro- 
portion of the dechivity to the extent as one to 2620, or 
bout one third of à line to each fathons. This is double 
the mean declivity'of the rivers in Flanders; but the 
jelocity of the current in the > Rhone is at leaſt _ 
that in the others (Nꝰ 29.) 0. C1 

78. From the 'above data, _ from obſervations and 
actual menſuration, and from many others of che fame | 
nature too long to mention here, we may deduce the fol- 
owing table of comparative proportions between the de- 
divities and velocities in different kinds of Tivers. 13 
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Rivers in moſt countries that are a mean 
between flat and hilly, which have 2 
current, but are ſubje&to overilon: 
Alſo, the upper parts of. Niyers in flat 
countries. 
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Rivers in hilly countries; With a 1 ftrong 
current, and ſeldom ſubject toinundations: 
Alſo, all rivers near their: ſources have 
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this declivity and velocity, and often 
much more. 

1 in . havi vin 
àa rapid current and ſtraight courſe, 
very rarely overflowing. 
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Rivers in their deſcent from among 
mountains down into the plains below, 
in which places they run torrent - wiſe. 
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"Ab torrents among mountains. 
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I ſhould think it quite ſuperfluous to give any expla- 
nation of a table fo clear and intelligible as the above; and 
ſhall only remark upon it that he comparative degrees of 
the mean velocities of the reſpective: currents in the ſecond 
column are the reſult of obſervations and experiments, 
the method of making which has been given above 
(Ne 26.): but as the velocity of rivers is very different in 
different ſeaſons of the year, which augment or diminiſh 
greatly the maſs of waters in their beds, a mean has been 
kept to, as much as poſſible, in the above table. 

By taking the degree of velocity of the current in any 
river, a thing ſo eaſy to be done; and obſerving its other 
characteriſtics as laid down above under the title of % 
tindlive attributes, it will be eaſy to judge very nearly of. 
the quantity of declivity in that part of the river. 

79. After carefully comparing what has been ſaid in 
the relations of travellers, and in the beſt treatiſes of 
geography, upon the principal rivers in the known. 
world, I ſhould be inclined to claſs them in the following 
manner, particularly entreating at the ſame time that 
my opinion about it may be regarded as ſimple conjec- 
ture, which I leave to be rectified by thoſe better ac- 
quainted with the matter than 1t 1s poſſible for me to be. 

Under the finſt rate or claſs in the above table I thould 
Put that part of the channel of moſt great riyers which 
18 
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is in extetifive Plattis 'Hextthe A; Welk ard I de- 


clivity iber cofc alone, but not at all With regat td lle ve. 
locity: of the current there, which is often very great 
from the comprefſlon and ĩmpulſion bf the upper Waters, 


a 


as has been Ty" ſhewn above 


(N*-29. 38. 43. 72:). | | 
Second rate or claſs: Moſt artificial canals in flat coun- 


tries, made for the uſe of navigation; ſpecially thoſe i in 


the Dutch and Auſtrian Netherlands. 
Third rate or claſs. The river Trent; the Scheld and 


the Lys below Ghent; the Ifere and the Iprelee below 


Fort Knock in Flanders; many rivers in che territories of 


Bologna and Ferrara in Italy; the river Meander in Na- 


taliaz and innumerable others in flat countries. 4) 45 
Fourth claſs. The Thames; the Lys and the Scheld 


above Ghent in Flanders; the Senne, the Dyle, and the 
Demmer, in Brabant; the Seine and the Somme in France; 
the Nile and the Niger in Africa; the rivers of St. Law- 


rence below Lake Ontario, the Oroonoko, the river of 

Amazons, and the rivers of Paraguay, in America. 
Fifth claſs. The Severn and Ouſe in England; the 

Loire and Garonne in France; the Tagus, the Guadiana, 


and the Guadalquivir, in Spain; the-Po and the Tiber in 


Italy; the Meuſe, the Rhine, and the Elbe, in Ger- 


many; the Weiſſel, the Neifter, the Bog, and the Nieper, 


in 


1 nn the Cale 
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in Poland the Don and the Dwina in Ruſſia; the 
Amuff OL; Saghalien in Tartary; the Yellow and Blue 
Rivers in China; the rivers of Cambodia, Ava, and 
Ganges, 138 1ndia; the —— the river Zaire in 


Congo; the Miſſiſippi. 11 79 
Sixth claſs. The Rhone in "CY the Ebro and 


Douro in Spain; the Danube; the Wolga; the Irtiſch 
and Qby, the Jeneſea and Lena, in Siberia; the river In- 
dus; the Tigris; the Malmiſtra in Cilicia. | 

Seventh claſs. In thisclaſscan only beenumeratedthoſe 
parts of rivers where they deſcend from among moun- 
tains into the plain country below; as alſo ſome rivers 
paſſing through the midſt of mountains. 

Eighth claſs. To this claſs belong all. torrents among 
mountains; ſuch, for example, as the Bourns in the 
Highlands of Scotland are deſcribed to be. 
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4 gen eral and 20 method of taking levels through large 
exten ts of country wobere river paſs; and alſo of com- 
puting the beights of interior parts of continents above 
the furface a 0 f tbe ea. 


80. After all I have ſaid hickerta in this eſſay, and 


particularly in the foregoing ſection, what I am about to 
| lay 


lay down under this laſt head — appear” very 
plain and eaſy: I am very far; however, front giving the 
methods I am going to propoſe fur taking the level 
through whole countries and continents at far as river: 
extend, as ſtrictly exact; I know very well that it is 
next to inipoſſible they ſhould be ſo; conſidering the 
continual variations in the declivities of rivers, and 
in the velocities of their currents in different parts, 
as alſo the impoſſibility of knowing the exact length 
of their courſe through all their turns and windings 
1 only give them therefore as a general and eaſy me- 
thod of computing the relative heights -of -countries 
without deviating much from the truth, which, per- 
haps, is all that may be neceſſary for the conſide- 
ration of the natural philoſopher. At all events, they 
may be of ſome uſe, for this end, in ſo many parts 


of the earth through which rivers paſs, and where no 
barometrical obſervations, or any others whatever, for 
taking heights above the ſea, have been, or perhaps ever 
will be made. They may alſo be found uſeful in taking 
the levels through a large extent of flat countries where 
regular canals and rivers paſs, and where the difference 
of elevation is too ſmall to be obſerved by the barometer, 
and where alſo the taking them through ſo great an ex- 
tent by the common methods of levelling would be 


much too expenſive for the purpoſes required. Now in 
1 this 
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this lafvenſe 1 have found; by experience, that by the 
method T here propoſe the difference of heights may 
very eaſily be found, and that very near to the truth. 

For this end it may be proper to premiſe a few neceſ- 
ſary confiderations and precautions to be obſerved in 
making uſe of the method I here propoſe. They would 
eaſily occur to any one who confiders the principles 
whereon it is grounded; btit to fave trouble I ſhall put 
them down in a few words. 

81. The firſt is, that a particular attention muſt be 
had to the quantity of water actually in the river at the 
time of the operation, ſo that according as the greater or 
leſs quantity thereof may augment or diminiſh the ve- 
locity of the current, allowance may be made conforma- 
ble thereto in determining the quantity of n from 
the degree of velocity. 

2dly, Obſerving this precaution throughout the whole 
river, or all that part of it wherein we want to find the 
difference of elevations, we muſt next endeavour to de- 
termine, as near as poſſible, by the principles laid down 
in the laſt ſection, all the variations of declivity from the 
variations of velocity within thoſe limits, and alſo the 
exact length and quantity of each. 

3dly, The ſame attention muſt be had in taking the 
difference of heights by canals, while their fluices and 
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communications are kept coriſtuntiy nne 
tuate a compleat natural current througbeat᷑ the Hole 
extent thereof; for in this caſe they are no otlier than 
rivers, and their waters follow the ſame laws of motion. 
Athly, But in canals which are ſnut, and their waters 
kept up by fluices ſo as to render them nearly ftagnant, 
the practice of this method will be different from what 
it is in rivers and open canals: for in this caſe there can- 
not be allowed for the declivity of the ſurface of the wa- 
ter from ſluice to ſluice above one inch, or two at moſt, 
in each mile of length, according as there may be fewer 
or more accidental drainings of the water in it (N* 7 4.). 
Again, as it may happen, in taking the levels of coun- 
tries by the means of artificial canals, that the water in 
different parts may have different directions, attention 
muſt be had to add or n 2 the total de- 
clivity of each. it 1.2 
Moreover, it almoſt always happens, in canals where 
the ſluices are ſhut, that the water on the two ſides of 
each fluice is of a very different height, the back waters 
being kept up, while the lower are run off to a certain 
point; but in fluices next the ſea, the tide againſt the 
outer gates is ſometimes lower and ſometimes higher 
than the water in the canal above. In all theſe caſes, the 
difference of height muſt be exactly meaſured, and the 
quantit 
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em Niers au Cam. 5.9 
— — — the account 
of the:levellinge rods tot imma A D te 
Sthhys After this, it is neceſſary to . nente 
25 Hle, the length of the canals; and rivers through 
all their turns and windings, and throughout the whole 
extent of copntry: in which: we want the difference of 
clevations. This may be done by an actual menſuration, 
or by theigeneral opinion of the inhabitants of each part 
of the country, which, being founded upon the long and 
continually repeated experience of an infinity of people, 
will be found to differ very little from the truth, atten- 
lion being bad to. the quantity of their nominal meaſures; 
even the errors in more or eh will nearly compenſate 
each other; or, finally, in great extents it may ſuffice to 
compute them from good geographical maps. 

Gthly, This being done by one or the other of theſe 
methods, it will be eaſy, from the quantity of declivity 
before determined for each part in particular, to find the 
whole quantity of declivity throughout the whole extent 
of country meaſured, or from any one part thereof to any 
other along the rivers or canals in queſtion, which are 
ſuppoſed to be continued without interruption from one 
place to the other. If to this be added the relative height 
of the country in each place compared with the level of 
the water in the. part of the. river or canal next to each, 
4 P 2 
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wethallfaveverynearty thedifferericeoficlevationofthoſe 
two parts of the country. And! tus the leveis may be 
taken from the ſea through any exteiitcofizduntop;nay 
even through wholte:contitentsp as far as rb ,I r canals 
extend vrithout interruption. Cutaractsthemſelves, ſuch 
as thoſe in the Nile and in the river of St. Lawrence, 
need not hinder the operation, ſince We have only to take 
the reſpective heights from which they falb into the! ac 
count as we do in common fluices, and allow for the in- 
creaſe of velocity produced by them in the current of the 
river above and below the places where they exiſt. 

82. Although I do not pretend to equal this method 
(of finding the difference of heights in countries) for 
exacineſs to the levels taken by actual menſuration, or to 
thoſe found by a long ſeries of nice barometrical obſer- 
vations; yet it muſt be allowed, that it is free from many 
inconveniencies, and accompanied with many conveni- 
ences, which the others are not. It may be eaſily carried 
through great extents of country, where the other me- 
thods cannot be put in practice, on account of the ex- 
pence or time required; and this may be done with 
very little trouble, and perhaps with ſufficient exact- 
neſs to anſwer all the purpoſes of the natural philo- 
ſopher in his conſiderations on the globe we: inhabit. 
Although the method of taking heights by barometrical 
obſervations 
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o#\\Rive?5-and Condit. G49 
chiſdr voti , Highly rafeful;'t and among mountains 
here nine ſcari be: of little or no ſervice) far preferable 


to: every.atber hitherto diſcovered; yet it will eaſily be 
zcknowiedged!by every one mo is acquainted with what 
M. Drone Sir ron SHUCKBURGH; and Colonel 


xor have done upon this ſubject, that the greateſt at- 


tention to an / infinity of varying circumſtances, as well 
as; the greateſt nicety and exactneſs both in the inſtru- 


ments and in repeated obſervations, are neceſſary if we 
would come at the truth thereby. 


Again, the method of taking the difference of heights 


by the quantity of declivity in rivers requires no atten- 
tion to the curvature of the globe, an object (as every 
one knows) infinitely too conſiderable to be neglected in 
the common method of levelling; as are alſo the great 
and varying refractions of the viſual rays ſo near to the 
ſurface of the earth as they muſt be taken in the practice 
of that method. The quantity of effects and of errors 
in the viſuals proceeding from this laſt cauſe muſt be 
very different at different times, as it depends wholly on 
the greater or leſs denſity, on the greater or leſs quantity 


of vapours ſuſpended in the loweſt part of the atmo-- 


8 45 See bis work on Barcticters and Thermometers, in two vol, quarto. 
(1) See the/ learned and curious treatiſes of theſe two gentlemen im the 
Philoſophical Tranſactions for 1777. 
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ſphere, the ſtate of which ſeldom remains long the fame. 
Nov it is no eaſy matter either to determine the quantity 
- . of theſe exactly, or to calculate the effects and errors in 
the viſual rays proceeding, therefrom, which, yet muſt be 
done to come at the truth by the common method of 
levelling; whereas, in the method I propoſe, no ſuch con- 
ſiderations are neceſſary, as is evident from the nature of 
it. nes A611 
But this is more than enough on a bod ſo grins 
and eaſy; I ſhall now give a few examples of it, and 
thereby conclude this ellay, already W 0 much 
too long. amen 
83. Suppoſing the length of the Scheld, wow 
Antwerp and Ghent, following all its meanders, to be 
forty meaſured Engliſh miles, as it is reckoned. nearly to 
be; and ſuppoling the length of the ſaid Scheld between 
Ghent and Tournay to be fifty of the ſame miles; and 
that of the Lys from Ghent to Commines, where it ap- 
proaches neareſt to the city of Ipres, forty- ſix miles; it is 
required to know the reſpective differences of elevation W 
between all theſe places. Wi 
It may be found above (N* 78. 79.) that the river I a 
Scheld, between Ghent and Antwerp, has not above one 
foot declivity in each mile of its courſe; and that the 
1 Scheld 


declivity in each four thouſand feet of length. 
According to this, the fürface of the Scheld in Ghent 
5 about forty feet higher that it is at Antwerp; and at 


Tournay it is fixtysſix feet higher than at Ghent, and 


one hundred and fix feet higher than at Antwerp. So 
alſo the fut face of the Lys at Commines is fixty-one feet 
higher than at its junction with the Scheld in Ghent, and 


one hundred and one feet higher than the ſame at 


Antwerp. From hence it may be deduced, that the 


Scheld at Tournay is about five feet higher than the Lys 
at Commines, through twenty-five miles of interjacent- 


country. 


84. Suppoſe it be required to find the difference of. 
height between the ſurface of the Lys at Commines and 
the ſurface of the canal at Ipres which falls into the ſea. 


at Nieuport᷑ on the Coaſt of Flanders. The diftance be- 


tween Ipres and Commines is nearly ſeven meatured : 


miles, through which there is no communication by 


water; but there 1s one a great way round, which there- - 
tore, for the purpoſe required, muſt be followed through 


all the differences of elevation comprized therein, v/2. - 


Deſcend- 
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gchelck and the Eys, above Ghent, have about one foot 
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Deſcent towards. the ſea at Nieuport on the Coaſt of 
Flanders. 


| Feet, 
Total declivity of the Lys from Commines to Ghent, 


46 miles, - - - - - 
Declivity of the canal from Ghent to Bruges, when 
the ſluices are ſhut, - - - [ 
Difference of height of the water in the aforeſaid 
canal above that in the canal from Bruges to 
Oſtend, which two communicate together by 
ſlaices, — - - — 8 
Declivity from Bruges to Plaſchendahl where the 
canal of N jeuport joins that of Oſtend, 6 
Total declivity from Plaſchendahl to N ieuport, in- 
cluding the difference of ſurfaces in two interme- 
diate ſluices, RESI Ne - 4 8 


61 


Total declivity, all one way, from Commines to 


Nieuport, about 95 miles, - 84 


— —-— 
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24 | Feet, 
Difference of height which the river from Nieuport 

to 4 has above the canal from Nieuport to 
laſchendahl, taken croſs the harbour of Nieu- 
= by means of the tides which come up againſt 
the outer gates of the ſluices next the ſea on each, 3 
Declivity of the river Iprelee from Nieuport to 


Boeſingnge, - _ - 11 
Difference of level of the water above and below the 
{luice of Boeſinghe, — | * 22 


Declivity in the canal from Boeſinghe 1 to Ipres, = 


Total aſcent, all one way, from Nieuport to Ipres, 37 


Now 84-37=47 feet for the difference of height 
which the ſurface of the Lys at Commines has above 


the ſurface of the canal at Ipres. I have made ule of the 
above example preferably to any others, as it is very 
complicated, and becauſe the quantities of declivity 
which I have put down are not arbitrary; and, moreover, 
becauſe I had the good fortune to find, ſome years after I 
had taken thoſe meaſures, that I only differed two feet - 
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654 M.. Nan“ Treatiſe 
from what was found by actual levels made from the 
Lys to Ipres by the French engineers during the time 
that LEwis the x1vth was maſter of the country, when 
there were propoſals for opening a canal from the one to 
the other. 205 

85. I ſhall venture to carry ry EWIEDY ſtill far- 
ther, and grounding them upon the principles laid down 
above (Ne 78. 79.) I ſhall take a general view of the 
elevations of continents along the courſe of the principal 
rivers in the known world. I cannot, however, repeat 
too often, that I give this as a matter of mere conjecture 
and curioſity. It has not been, nor ever will be, in my 
power, or in that of any other particular perſon whatſo- 
ever, to follow the courſes of all the rivers mentioned in 
the enſuing, table from their mouths to their ſources. 
All that can poſſibly be done on this head, is to examine 
the relations of voyagers and geographers concerning 
each river as far as it is known, and to reduce it by that 


means within the compaſs of the hydrometrical princi- 
ples laid down in this eflay. This is what I have done as 
far as I could; and therefore, allowing that I make great 
miſtakes therein, yet I do not think that I merit much 
blame on that account, as I have done what I was able to 
do. If I ara blame-worthy, it is for having launched out 
T to0 


on Rivers and Canals. 656 
too far into the regions of conjecture; but as ſuch miſ- 
takes as theſe are no ways prejudicial to my fellow crea- 
tures, to whom I wiſh to be uſeful, and as they may give 
occaſion for others to rectify them, and ſo lead them to a 
_ ſubje& which otherwiſe, perhaps, they might never have 
attended to, I ſhall hope for indulgence from all thoſe 
who wiſh well to humanity and to uſeful knowledge. 
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Feather, obſerved. at Nain, in 57 North Latitude, and 
at Okak, in 57 30, North Latitude, both on the Coaft 


of Labradore. Communicated by Mr. De la Trobe 720 


the Pref Went, and by him * the Society. 


Read wo 20, 1719-, 


HE thermometer, of PANRENHEIT $ ſcale, was ob- 
ſerved at eight in the morning, at noon, at four 


U 


in the afternoon, and at eight! in the evening. 
The barometer, whoſe ſcale is French meaſure, was 


obſerved at eight in the morning, and at eight in the. 
evening... 


Months. 
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658 Mr. br La TRoOBE's Mplrorobbgical Journal. 
\ _ 1 e 1 a 
| M>nths. Thermometer at Nain. Barometer at Nain. Thermometer at Okak] 


— 


Higheſt Loweſt.| M can, 
1777 —0 — 


Highef}Loweſt Mean. |Higheft|Loweft| Mean, 
0 


0” 0 

Auguſt 76,0 | 30,0 $2,3 428,3 . 7564 2 7034 74,0 | 36, * 

Septemmbe | 72, 27,0 43,6 128,58 | 27,63 850,4 68,0 | 21,0 439 

Oftcber \ 51,0 | 12,0 | 30,2 [28,74 26,113 |a8,6,1 48,0 | 13K R. | 

Novemb, | 41,0 | 2 | 15.4 [28,9 [26,9 wanted 39,9 5.0 | 17,5 
| 


F 0" AR 


* 


: Jecember| 31,0 | 26,0 | 10,3 28,51 26,3 28, 3,0 | 32,0 | 28,0 | 4,2 
| | Re 2 | 
1778 | 15 * | [ | 
| oo — „„ > 
January | 18,0 { 30,0 I 2,2 28,5 21472 28,4,5| 16,0 | 29,0 | 11,0 
4 | os: ' rn 4 | 


February | 32,0 | 27,0 10,7 xe 27,3 WA 34.9 | 25,9 952 
| q 4 1 7 , | = 10 a 


March 27, | 259 | +3 (28, 10} Pre 27,00 325,0 | 18,0 | 6,5 
[April | 49.0. | B,o 76 | 
May | 98,9 | 299 | 390 fas, st [27,7 128,75 | 65,9 * 37 
June | 77,9 | 339 45,0 [28,6 [27,4 8, o, 0 73,0 31,0 | 45,7 
July 82,0 | 34,0 | 51,0 28,31 25,81 28,0,1 31,0 ha 51,3 


Auguſt | 74,0 40,0 $225 28,5 27,51 28, o, 72,0 41,0 5250 


1 
* | 69,0 | 34.0 | 43,5 _ 27,10 28, 2,0 53,0 | 32,0 | 43,0 
7 | _ | | 
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IMPROVEMENTS 
I N 


SLECTRICITY. 


By JOHN INGENHOUSZ, F.R.S. 
BODY PHYSICIAN TO THEIR IMPERIAL MAJESTIES, 


Who was nominated by the Preſident and Council to 
proſecute Diſcoveries in Natural Hiſtory, purſuant to 
the Will of the late HENRY BAKER, Eſq. F. R. S. 


Read at the ROYAL SOCIETY, June 3, 1779- 
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IMPROVEMENTS in ELECTRICITY. 


EING appointed to deliver the annual diflertation 
on ſome philoſophical ſubject, inſtituted by our 
worthy brother the late Mr. HENRY BAKER, I will en- 
deavour to explain ſome contrivances in electricity which 
I invented a good while ago, one of which has been 
much employed, and has undergone ſeveral material 
improvements ſince I firſt thought of it. 


IT is now about fifteen years ago ſince I began to 
make uſe of flat glaſſes inſtead of globes or cylinders, to 
excite electricity. Finding that a greater quantity of 
electricity could be excited upon a flat piece of glaſs, when 
rubbed on both ſurfaces, than when it was only expoſed 
to friction on one ſide; I thought it would be an advan- 
tage to ſubſtitute a round plate, or disk, of glaſs, to a globe 
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3 i 5 j _ der f Its I alſo thought an another iateflal *#dVahtaþe 


might be derived from a plate of glaſs, as the form of it 
admits of placing cuſhions or rubbers upon different 
parts of it, and taking the electricity, excited by theſe 
rubbers, from the interſtices between them, Which can- 
not conveniently be done when a globe or cylinder is 
uſed. The only inconvenience which J at firſt conceived 
would enſue from it was, that the center upon which the 
plate was to be fixed and whirled round, would always 
be too near the rubbers (unlefs theſe were very. ſhort, or 
the plate of a conficterable ſize) ànd that theſe would 
throw the electricity, collected on the ſurface of the 
glaſs, upon that very center. In order to obviate this 
difficulty, I propoſed to make the center likewiſe of glaſs, 
or ſome other non conducting ſubſtance, as, for inſtance, 
baked wood. 

I began firſt by making uſe of one of thoſe glaſs ſtands, 
which they call a waiter, and which has a glaſs fupport 
fixed at right angles to its center. I whirled the waiter 
round as well as I could, rubbing it ſometimes on one 
fide, ſometimes on both. In this imperfect ſtate I ſhewed 
it to Dr. FRANKLIN, who approved much of the ſcheme, 
and adviſed me to purſue'it. Soor after, I ſheweTit'to ſe- 
veral of my acquaintance, and in a ſhort time 1 found 
ſuch machines ready made at Mr. RAMSDEN's and ſome: 

2 other 


* —_— iy NADA 
tber mathemati 2 ent- makers Since that ti time 
great aſe has been made of theſe electrical plate ma- 
chines throughout Europe, as they were thought by 
many/to be more powerful in a little derne than thoſe 
with globes and cylinder s. 
In my travels through different countries, 1 now 
* then met with confiderable improvements made i in 
them, Abbe FONTANA had contrived one for the cabinet 
of the great Duke of Tuſcany, which conſiſted of two 
plates, eighteen inches diameter, fixed to the ſame cen- 
tex, and each rubbed on both ſides on two oppoſite places. 
The electrical fire excited on theſe joint plates, when 
forced upon a conductor divided in two branches to re- 
ceive it, was very powerful; ſo much ſo, that the con- 
ductor, being unable to contain the whole, threw it back 
upon the braſs center; from which it paſſed to the hand 
of the operator, and gave him a very diſagreeable ock. 
Mr. CUTHBERTSON, an ingenious mathematical in- 
ſtrument-maker at Amſterdam, contrived an apparatus 
with a double plate, by which all the electrical fire col- 
lected by the eight cuſhions was forced upon the con- 
ductor, ſo that none of it could be thrown back upon 
the center, though made of braſs. His contrivance con- 
ſifted: in placing between the glaſs plates a ſtrong glaſs 


ting, about two inches in diameter, ſo that the braſs 
4 R 2 center 
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center paſſed throu gu the mitidle of it! This bing was 
ſtuck to the plates with ſealing war or ſome other non- 
conducting cement; and the ſpace betweenthe center and 
the ring was carefully filled with the ſame non. oonduct- 
ing ſubſtance. The conductor had two branches, each 
of which was placed between the two glaſſes, reaching 
very near to the glaſs ring. By this method all, or almoſt 
all, the electricity excited by the eight cuſhions,” Was 
forced to paſs upon the conductor, there being no way to 
reach the braſs center, between which and the conductor 
all communication was cut off by the above mentioned 
glaſs ring being filled up with a noi conducting cement. 
The power of ſuch a machine, notwithſtanding that the 
plates were not above fifteen inches diameter, was very 
aſtoniſhing. I faw one made in London with this im- 
provement (the glaſs plates being eighteen inches dia- 
meter) by which a coated jar of two quarts was fully 
charged in lefs than five ſeconds. 
Mr. c. CUYPERS, an ingenious electrician at Delft, has 
not a little contributed to the improvement of theſe ma- 
chines, by making them leſs liable to be affected by damp 
weather. This gentleman, confidering that all glaſſes 
are not equally fit for electricity, and that J. HE. WARTZ, 
and after him Profeffor MUSSCHENBROEK, were of opi- 


vion, that glaſs, in the compoſition of which there enters 
| 7 a great 
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2 great deal bf alxaline falt; is very apt to attfact moif- 
ture from the air, and therefore leſs proper for electri- 
city (which defect they thought might be corrected by 
ex poſing it to a violent: and continued heat), took a pro- 
per advantage of this knowledge in the improvement of 
the machines with flat glaſſes. He found, that glafles, 
which have been many years expoſed to the warm air of 
2 room, very old looking glaſſes for inſtance, become 
by this means much harder, ſo as better to reſiſt the 
force of a file; and are then much better for electrical 


machines: and that ſuch glaſſes become ſtill incompara- 


bly better, if they are expoſed to a conſiderable degree of 
heat during ſome months: the heat forcing out of the 
glaſs (at leaſt out of its ſurface) the alkaline ſalt, not vi- 
trified, which is to be found upon it, and may be known 
by the taſte; © 11 

In December 1777 I ſaw one of theſe double-plated 
machines at Mr. cUYPER's houſe, and found it do admi- 
rably well, though the weather was at the time very 
damp, and the machine kept in'a room in which there 
never was any fire made, and though the cuſhions had 
no amalgama upon them: they were made of yellow 
Turkiſh-leather, ſtuffed with fine ſhavings of cork, ram- 


med in them; and had been preſſed to give them an 


equal ſmooth ſurface. 


The- 
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+ The fame gentleman found glaſſesz proparad in the 
above mentioned way, far ſuperior: in ſtrength to a cake 
of roſin uſed: in the electrophorus. He publiſhed his me- 
thod in a pamphlet, intitled, Expoſ d ume Methodey par la 
quelle on rend les Diſques de Verre. deſtinas d des Ma. 
chines Electrigues capables dexciter I Eleciriciti dans une 
Air humide, ſuivi dune Maniere de fairé de tres bong 
couſſins pour frotter les Verres des Machines: eledrigques, ei 
de la Deſcription dun Elefrophore perpetuel plus par fait 
gue ceux dont on Seft ſervi juſq ici. A la Haye, 1778. 
.. Thoſe who make ule of plate machines ſhould care- 

fully avoid putting the apparatus near the fire, for the 
purpoſe of drying or warming it; becauſe the ſudden ex- 
panſion of the glaſs by the heat cannot ſo quickly pro- 
pagate itſelf through its whole extent; for the center 
being commonly ſqueezed between two flat ſhives of 
braſs, with a piece of leather between the metal and the 
glaſs, does not acquire a ſimilar degree of heat at the 
ſame time as the reſt, and cannot ſo eaſily expand; and 
therefore the plate is in great danger of breaking. If, in 
conſequence of ſuch a blunder, a flaw ſhould happen, its 
progreſs might be ſtopped by drilling a round hole at 
the extremity of the flaw. Theſe flat glaſſes may wy 
ſafely be rubbed with a dry warm cloth. 
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za tre:quatitityii'of: electricity excited upon glaſs is 
nearly an the proportion of the ſurface: expoſed to fric- 
tion and as: glafſes of a great ſize are very precious, and 
liable to accidents, I conceived, that inſtead of a disk of 
flat glaſs. one might ſubſtitute one of paſte- board, 
thoroughly imbibed with copal or amber varniſh. 

Io try how this would anſwer, about ſeven years ago 
F ordered three paſte-board disks to be made, of four 
feet int diameter, the diftance of fix inches from the cen- 
ter being the fitteſt to give the whole-a proper ſupport in 
whirling it round. When theſe disks were thoroughly 
dried and heated, I poured upon them a varniſh made of 
amber diffolved in linſeed oil. After they had taken in as 
much of the varniſh as they could imbibe, I covered 
them with a thick coat of the fame varniſh, and dried. 
them by the heat of a German ſtove. 

When the varniſh was very hard, I found, that even 
a flight friction with a cat's skin or hare's skin excited a 
ſtrong electricity upon them. 

I then made a frame to place them in, and to whirl 
them round; which frame was ſo contrived, that it could 
contain about twelve ſuch disks, whirling all round on 
the ſame center. It conſiſted of two ſquare pillars of 
wood, about five feet high, and three inches broad; 
joined together at top and bottom by a tranſverſe piece 
of. 
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of wood. In the middle of the two pillars was a hole, 
about an inch and an half diameter, fitted to receive a 
wooden axis, which could be placed in, and taken out, at 
pleaſure. Upon this axis were to be ſtuck the paſte- board 


disks; and a flat board, three inches broad, covered on 


both ſicles with flannel, and over this with a hare's skin, 
was to be placed between each paſte-board. The two 
ſquare pillars were alto to be wrapped up firſt with flan- 
nel, and over that with hares skin, 

The flat boards, to be placed between the paſte-board 
disks, had each a notch in the center, to give room for 
the axis to turn round freely. Theſe flat boards could be 


brought as near one another as was required by two 


wooden male ſcrews, placed at the upper and lower end 
of the frame, which reached from one ſquare pillar to the 
other; which ſcrews were to receive a notch cut out at 
the upper and under end of each- flat board, in order to 
keep them ſteady in their vertical ſituation. A female 
{crew, turning upon theſe horizontal male ſcrews, was 
placed between each of the flat boards at their upper and 
under extremities, and ſerved to bring each of the disks 
as near in contact with the hares skins as was required to 

receive a proper friction, 
The three paſte-boards were fixed in the frame, and 
whirled round. The electricity excited was ſo ftrong 
that 
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that: I n ſpanks between one e two ** long from 
the front ſurſuce of the fink disk by approaching my 
kmackle bo it. 1 then applied a tin conductor to it, about 
ſix feet long and ſix inches diameter, divided into two 
branches, the extremities of which were furniſhed 
with a thick ſilver lace fringe inftead of points. The 
ſparks from this conductor were about four or five inches 
long, appeared to be very thick, were very brilliant, and 
ſo ſtrong, that I did not chuſe to receive many of them; 
nor did thoſe who came to ſee the machine care to receive 
more than one. As theſe ſparks ſucceeded one another 
at ſhort intervals, I think they would have been much 
longer if every thing had been adapted for that purpoſe; 
as I ſa afterwards done at Mr. x AIRNE's, who contrived 
to obtain ſparks of twenty inches long and upwards from 
a large glaſs cylinder. WE 
Iconſidered this paſte-board machine rather as a rough 
sketch of an apparatus, by which I conceived the hope of 
obtaining an electrical power of almoſt any degree re- 
quired, than as a compleat machine. My intention was 
to find out a contrivance by which a very great quantity 
of electrical fire might be collected without great ex- 
pence and without much danger of breaking the appa- 
ratus, which two articles cannot be avoided when you 
make uſe of uncommon ſize glaſs cylinders or disks. 
Vo I. LXIX. 48 I ſaw, 
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1 faw, two years ago, at the Duke of CHAULNEs at 


* 
UW 2 


Paris, an apparatus which had a plate glaſs five feet dia- 
This alone coſt him eight. hundred French 


meter. 
hvres. 


electricity from the three disks, but only from the front 
disk, I cannot tell whether the force of electricity would 
have been proportionably ſtronger if I had made ſome 
metallic communication between each. of the disks. 

I found, that the apparatus, as it was conftructed, could 
not eaſily have admitted more than three ſuch large 
disks; for the twelve ſurfaces expoſed to friction being 


each a foot and an half long, and above three inches 


broad, made ſo much refiftance to the working of the 
machine, that it required a ſtrong arm to work it. 


Being ſatisfied with having found that by this, or a 


contrivance of the ſame kind, a much greater power 
could be excited than by the common glaſs apparatuſes; 
I did not chuſe to put myſelf to more trouble or expence 
to increaſe the ſtrength of its frame, or the number of 
disks. 
I muſt obſerve, that ſuch a machine may be kept in 
good order in a heated room; but that it will ſoon loſe 
its force in countries where it is not the cuſtom to heat 
rooms as the Germans do. My paſte-board disks kept 
2 very 


As I had not adapted the tin conductor to receive the 
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very good curing all the time I left them in a room con- 
ſtantly warmed, which was about two months; but, when 
they were placed in a cold room, they ſoon loſt their power, 
having probably attracted moiſture from the air. I can- 
not be ſure that the varniſh I got made for the purpoſe 
was of the beſt kind: I have reaſon to ſuſpect the con- 
trary, and therefore I ſhould think that much better 
might be obtained in London. 
Such paſte-boards might be poffibly preſerved from 
attracting moiſture, by keeping them ſhut up in a box 
made on purpoſe, lined within with tinfoil. The 
moiſture might alſo be expelled again by placing them 
a good while | in a heated Tooth, « or F a | baker” 8 
oven. 
It ſeems, beſides, not improbable, that a kind of i 
board might be made by ſticking en, the lamina of 

paper (firſt thoroughly dried) with a good oil varniſh in- 
ſtead of common paſte, as this laſt never can be deprived 
of its watery particles without loſing its coheſive quality. 
A good | kind of paſte-board might likewiſe be contrived 
by ſtickin, g together ſilk cloth inſtead of paper. 

I contrived a plated machine, the disk of which was 
made of baked wood and boiled in linfeed oil; but it did 


not anſwer Near ſo well as the paſte-board disks. 
92 4 8 2 I found 
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found the paſte-board disks not much leſs ſuſceptible 
of electricity before I had varniſhed them than they 
were afterw ards; but they loſt their force again in a few 
minutes, and did not recover it till they were dried and 
heated agaa. * 
It is well known, that Wein and brown — pa- 
per, when warmed, may acquire a conſiderable electrical 
power by being rubbed with hares skin, a piece of woad, 
ivory, Nay even (as I found by experience) with a metal- 
lic body. | ETFS 
As it ſeems to be a acneral law of nature, that all reſi- 
nous bodies, excited either with a poſitive. or a negative 
electricity, are more tenacious of keeping it, or ſeem to 
part with it, as it were, with more reluctance than glaſs 
(as I have demonſtrated in a paper, read laſt year before 
the Royal Society); it is adviſeable, that the conductor of 
ſuch a paper machine be not furniſhed with metallic 
points, which being neceſſarily kept at a diſtance will 
not take away all the electricity; but that ſome flexible, 
conducting ſubſtance, as ſilver or braſs lace fringes, com- 
municating with the conductor, be in cloſe contact with 
the excited ſurface. | 
As woollen cloth or . Mancheſter cotton velvet, and 
ſuch like ſubſtances, excite a good deal of electricity upon 
dried paper and reſinous ſubſtances, and do not wear out 
ſo 
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ſo ſoon as hares skin, it might, perhaps, be found better 


to ſubſtitute them for hares skin. 


I have alſo excited a very conſiderable electrical force 
on ſtrong ſilk velvet, tied upon the circumference of two 
wooden disks, two feet in diameter, and diſtant about 
three feet from one another, fixed upon a wooden axis. 
The velvet was ſupported by a ſtrong ſilk cloth tied un- 
der it, in order to give it more ſtrength and ſteadineſs. 
This machine had the appearance of a drum, and was 
whirled round, as is uſually done with glaſs cylinders. 
The rubber was a cuſhion covered with hares skin. 

As filk cloth, and more particularly otled filk, very 
eaſily receives a ſtrong electricity, I make no doubt but a 
good uſe might be made of them, by expoſing a great 
ſurface of them (which may be as large as one pleaſes) to 
friction. I have attempted more than one method of 
conſtructing ſuch a machine; but as I tried it only in 
ſmall, I have not purſued the object far enough, and 
therefore, I think, I have no right to throw out hints 
unſupported by experience. 
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A. 8 


A CID. More of the vitriolic in gypſum, than in ſelenitical fpars, p. 17. 

Ether, how to produce inflammable air with the vitriolic, p. 334. Air from it 
does not evaporate as the zther itſelf, p. 388. Its exploſive force encreaſed by cam- 
phire, p. 389. Great exploſive force of very pure dephlogiſticated air, and æther, 
p- 407. Reaſon why a drop of it communicates to dephlogiſticated air a much 
ſtronger exploſive force than common inflammable air from metals, p. 414. 

Air. Difference between Dr. Prieſtley and Mr. Sheele about the noxious effects of the 
inflammable, p. 336. Animals killed by breathing it, when the receivers that con- 
tained it were immerſed in quick ſilver, p. 338. Has the ſame effects when paſſed 
through water, as when ſhaken in water for a minute's time, p. 339. But may be 
breathed when fhaken in it for a long time, p. 340. Kills quadrupeds not fo 
readily as birds, ibid. Mr. Sheele's breathing it may poſſibly be accounted for, by 
its being breathed through the lungs, and not the noſe, ibid. Experiment proves 
the contrary, p. 341. Experiment to prove that inflammable air does not act upon 
the body of the animal, p. 342. Explanation of Abbé Fontana's formula to expreſs 
the diminution of reſpirable air, p. 343. Experiment to ſhew inflammable air worſe 
than common, p. 344, &c. Inflammable, better after-being breaihed than befare, 
p. 348. Air from the lungs alters the nature of inflammable air, p. 349. Animals 
affected by inflammable air, more or leſs, according to their ſize, compared with the 
quantity of air, p. 251, Inflimmable air till inflammable after being breathed, con- 

13 trary 
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trary to Mr. Sheele% affertion, p. 351. The light ſenſation on breathing inflammable 


air owing to its ſpecific levity, p. 352. Air lightened by fire breathed more eaſily than 


more condenſed air, p. 383. Why inflammable air can be breathed when mixed 


with common air, p. 355. Inflammable lighter than common air, and does not mix 
with it, p. 357. Account of the ſparks which dart from the inflammable air of 
metals applied to a candle, p. 359. And which are the diſtinctive quality of inflam- 


mable air extracted from metals, ibid. Phlogiſtic principle. more combined with this 
air than with the others, p. 360. Analyſis of the decompoſition of the inflammable 


air of metals, p. 361. Great expectations from the uſe of the dephlogiſticated air as 


a remedy, p. 377. Large quantities of it extracted from water which has ſtood ſome 
time expoſed to the ſun, ibid: Reaſon why gunpowder does not want a free 


acceſs of common air to be conſumed by fire, p. 404. Uſes which may be derived from 


the ability. to produce any quantity of dephlogiſticated at pleaſure, p. 416. The 


uſual ſtate of it in the Hartz mines a mean among the different ſtates of the exterior 


air as found by Mr. de Luc's obfervations, p. 495- Many modifications of it beſides . 
its weight and heat to be conſidered, p. 496. Difference. of the effects of heat on 
Neceſlity of 
multiplying meteorological inſtraments. to determine its influences, p. 501. Expe- 
riments on air extracted rom the water of a well, p. 432. That extracted 
from the water of the river Seine, ſhewn to be better than atmoſpheric air, 


it one great cauſe of the diverſity of reſults in experiments, p. 498. 


p- 434. Extracted from the water d' Arqueil, experiments on it, p. 436. Is 


ſhewn to be better than the air extracted from Seine water, p. 436, 437. That of 
diſtilled water extracted, and ſhewn to be better than that of the water d' Arqueil, 
p. 437. New characteriſtic by which dephlogiſticated air may be diſtinguiſhed from 
common, p. 439. A greater quantity of thoſe airs which contain the leaſt phlogiſton 
abſorbed by water, ibid. Impoſſible to determine the quality of it when extracted from 


veſſels filled with water by means of fire, ibid. Reſult of experiments on water de- 


prived of air, p. 440. Water diminiſhes the noxious part of tainted, and de- 
phlogiſticaces common, ibid. How to prevent it being altered by the vapour of 
the water, in the above experiments, p. 442. Common air ſhaken in water is 
increaſed in bulk, ibid. Dephlogiſticated is decreaſed, p. 444. Which ſhews 


that this laſt differs effentially from common air, ibid. Great nicety required 


in theſe experiments, p. 445. Fxperiments made to aſcertain the ſalubrity of 
the atmoſpherical in various places, countries, and ſituations, not to be depended . 


upon, p. 446. Difference of the air between one country, or any particular 


fituation, and another, not ſo great as is commonly imagined, p. 447. Air 
taken from different parts of Paris and London examined, and found not to 
differ materially, p. 447, 448. Differences between the changes of air at the 
ſame place at different times, much greater than the difference of air of different 
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places or heights, p. 449. Uſes to be derived from this moſh of n u. | 

N 452. See Gaſs. 

Air-Gun. Account of a-braſs one contrived by Mr. Maty of Turin, p. 92. And of 
one by Mr. Antony, p. 393. } 

Algebra. Problems concerning interpolations, p. 59. On the keen reolton of 
algebraic equations, p. 86. 

Am. Tobacco-pipe clay fitted for the making of it, p. 19. Quantity of, aforded by 
the Porcelane clay from Cornwall, p. 21. How made of feld-ſpar, p. 23. And of 
the Labradore ſtone, ibid. And of ſhells, p. 24. Obtained from different ſlates, - 
p. 25. 

America, The growth of plants in, not to be eſtimated une we fee in our hot - 

houſes, p. 250. 

Aunulus. Obſervation of a luminous, ſurrounding the diſk of the moon, in an eclipſe 
of the ſun, ſuppoſed to be the effect of the lunar atmoſphere, p. 106—11 r. 

Anticondudtor. Account of an anticonductor, and its advantages in exhibiting electrical 

experiments, p. 454. See Elearicity. 

Antimony. A liver of, from antimony and ſeveral ſpars, p. 19. 

Antiquity. Account of a gun which had remained 200 years in the fea, p. 40. 

Apes. Probable. that there is a ſpecies of them in Africa, which is not the ancient 
Pithecos, p. 147. See Orang-Ontang. | 

Aphonia. A concomitant of the St. Vitus's dance, p. 2. 

Argentum vitreum. See Silver. 

Aſs, Foal aſs killed to examine the parts of generation, p. 282. 

Alronamy. Obſervations at Cork in Ireland, p. 163. Obſervations with an aſtrono-- 

mical clock, p. 167. Latitude of Cork in Ireland, p. 165. 167. 180, 181. Longi- 

tude of Cork, .p. 167, Latitude and longitude of Cork, ſettled from obſervations 

at Cork, and at the Royal Obſervatory, p. 79. 

Atmoſphere, Colour occaſioned by the refraction of, when a ſtar is but a few degrees 

above the horizon, rather more than corrected by the refraction of the — added 

to the equatorial inſtrument, p. 335. 


» 
«* l we 


B. 


Barometer. Obſervations made on it at the coaſt of Labradore, p. 652. Some baro- - 
metrical experiments in the mines of the Hartz, p. 484. Their agreement with the 
geometrical meaſure, p. 491. Why the barometrical meaſure for the depth of 
mines is more certain than that for the heighth of mountains, p. 492. State of, at 


London for each month . throughout the . year 1778, p. 296, Greateſt, leaſt, and ' 
mean 5 714 
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mean heighth of it there, in each month, p- 320. 9 
in 1778, p. 547 

Beaume, Mr. miſtaken in ſame chymical aſſertions, p. 11—20. 

Belid.r. Miſtakes in his theory of Vaulone's pile engine, p. 121. And in the ſolution 
of a problem on the. ſubject, p. 126. F | 

Blifters failed to relieve in a St. Vitus's dance, p. 3. | 

Bones. Head of the os humeri ſaved off, and the motion of the limb preſerved, . p. 6, 
Treatment of a diſeaſe of the lower parts of the ulna, where it joins the carpus, 
p. 10. More than three inches of the enlarged bone ſawed off, where the ulna 
joins the carpus, ibid. Diſeaſes of other joints recommended for cure by the ſame 
operation, ibid. | | | | 

Bread. fruit. See Sitodium. x 

Breaſt. oy on the, relieved by W p- 54» 


. 


Canal. See River. 

Cane. See Sugar- cane. 

Cateptric. Advantages of a new catoptric micrometer, p. 421. See Micrometer, 

Cauk. Experiments on the Derbyſhire, p. 17. Melted with antimony has appearances 
of Rulandus's falſe liver of antimony, p. 19. 

Cementing cryſtalline particles the more immediate cauſe of the conſolidation of all ſtones 
and marbles whatſoever, p. 8. 


Charcoal, Reflections on the different methods of 3 to life thoſe choaked by, 
P. 329 

Chirurgical improvements by Mr. White, p. 6. 

Clay. Change of it into feld-ſpar, and different gradations of the change, p. 12. 
Diſtilled with ſea-ſalt produces a ſal ammoniac, p. 21. Quantity of allum afforded 
by the porcelane clay from Cornwall, ibid. 

Cæcum. Vermicular proceſs of the inteſtinum cœcum in the Angoleſe and Afiatic 
Orang, and likewiſe in the Gibbon, unknown to Galen, p48. 

Comet, Periodical time of that of 1770 inveſtigated, and found not to be above five 
years and a half, p. 68. Argument on which this concluſion is founded, thought 

by the author equivalent to geometrical demonſtration, p. 69. It conſiſts in the 

_ aſſumption of elements anſwering to a periodical time of five years and ſeven 
months, which are found perfectly conſiſtent with the obſervations of this comet, 
ibid. Irs not appearing according to this hypethefis probably owing to the influence 


of Jupiter upon its orbit, p. 82. Table of what part of the heavens it is to be 
| looked 
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looked ſor when it appears next, p. 83. N on a this ſubje&t by dne Aronomer 
Royal, p- 84. 2 1nd 2 

Conductor. Account of an 3 p. 454 * e for exhibitiog. ex- 
periments analogous to the natural effects of lightning from the clouds, P- 453. 
Experiments to ſhew the advantages of pointed over blunt conductors, p. 46. 

Cork in Ireland, latitude of, p. 165. 167. 190, 181. Its longitude, p. 167. Its lon- 
gitude farther ſettled from obſervations at Cork, and at the Royal a . 
P- 179» 

Corp-calf. Account of a ſpecies of, called the Free martin, p. 285. 

Crotch, William, the muſical child, account of him, p. 187. 

Cryſtal. Partly changed into felenitical ſpar, p. 12. The change owing to the lead ore 
which adheres to it, p. 14. How known from other. ſubſtances with a fparry 
appearance, p. 27. | 

Curves. Demonſtration of them ſuited to the ee of optics, recommended. to 

mathematicians, p. 425. 


Cuthberſon, Mr. Electrical apparatus, with a double plate, contrived by, p. "vg 1 


amazing powers, p. 665. 
Cuers, Mr. His improvements in the double: plate electrical machine, p. 66 ' 


Cynocephalus., See Orang Outang. 


* 


Dipping. See Needle... : 
Drop/y. Extraordinary one, from a diſeaſe in the left ovary, p. 57. Woman tapped 
155 times, and 465 gallons of water taken from her, p. 58. | 


E. 


Earth. Problem to determine how much each particle of it is affected by the unequal 
action of the ſun, p. 510. 

Eclige. Total, with duration, and annular of the ſun, obſerved on the 24th of 
June, 1778, p. 105. Obſervation of the luminous annulus ſurrounding the diſk 
of the moon, p. 106. This laſt appearance owing to the lunar atmoſphere, p. 111. 
Point of the ſun's diſk ſeen hefore its limb began to emerge, p. 113. Solar ſpots 


ſeen during this eclipſe, p. 117. . Eclipſe. of the ſun obſerved at Cork, p. 179. 


Eddies. and whirlpools, what they proceed from, p. 607. 


Edwards, Mr. Miſtake of his in the repreſentation of the Orang Outang, p- 146. 
Eleericity. 


K 4. 1 


Dia. Cure of the St. Vitus dance by, p, 1. Pulſe quiehensd, and an;eevption 
nike the itch produced in all the joints, by poſitive, p. 4. An antiſpaſmodie, p- 5. 
— Improvement of the apparatus, p. 454+ Account of an anticonduftor, 
p. 454 Advantages of this apparatus, for exhibiting experiments more analogous 
to the natural effe&s of lightning from the clouds, than it is poſfible to do with 
only one conductor poſitively electriſied, p. 453. Experiments to ſhew that the two 
conductors are differently charged, as ſoon as the cylinder is put in motion by 
turning the wheel, p. 456. Experiment to ſhew the poſſibility of compreſſing the 
electric matter, thoꝰ the globes are perfectly infulated, p. 458. Experiments to ſhew 
the advantages of pointed over blunt conduftors, p. 460. 
Tlectricity. Account of an electrical plate machine, p. 663. Flat glaſſes uſed to excite 
it, inſtead of. globes or cylinders, p. 66r. Pafte-board imbibed with copal or amber 
varniſh ſubſtituted to the glaſs diſks, p. 667. The machine deſcribed, and inflances 
of ſtrong electricity excited with it, p. 669. Machines of this kind loſe their 
power by being kept in cold rooms, 674. How to preſerve them, or reſtore their 
powers when' loſt, ibid. The conductor of a paper machine muſt not be furniſhed 
with metallic-points, p.-672. Account of a plated machine, with a diſk of baked 
wood, boiled in linſeed oil, p. 671, = 
| Equatorial. Apparatus applied to the equatorial inſtroment for correcting the errors 
ariſing from the refraction in altitude, p. 332. Inconvenience of the method hitherto 
uſed, p.333- Uſes of a ſpirit level fixed to the equatorial inſtrument, p. 334. 
"Fquinoxes. On the preceſſion of them produced by the ſun's attradion, p. 505. Pre- 
ceſiion different, according as the ring at the equator is conſidered as fluid, or 
as hard and compact, p. 506 509. Problem of the preceſſion of the, requires no 
principles but the received dottrine of motion, and the application of the lever, 
p- 509. Problem to determine how mach any particle of the earth is affected by 
the unequal action of the ſun, p. 510. | 
[Eric Proſperin, Mr. ſhewed that the obſervations of four months on the comet of 1770 
could not be repreſented by a parabolic orbit, p. 84. Conjeftured from thence that 
its orbit might be ſenſibly elliptical, p. 84. 


F. 


Fla. har. Change of clay into, p. 22. The Labradore ſtone one, P. 25. How dif- 
tinguiſhed from cryſtal and quartz, p. 27. 

Fontana, Abbe, Electrical plate machine contrived by, p. 663. 

Forfait, Mr. a memoir of his, to indicate the beſt and cheapeſt methods of freeing 
[navigable canals from banks of ſand and earth formed in their beds, which render 
mem too ſhallow ; recommended, and an account given of it, p. 598. 


Free 
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Mok Mais." deen of the, f. 279—285. Purpoſes for which they are preferved, 
p- 285- Their reſemblance to oxen, p. 285, 286. The fuppoſed excellence of 
their ment not 2 property of them univerſally, p. 286. Dubijous whether there ate 
- anyiamotigtheep; p. 287. Account of Mr. Arbuthnot's, p. 289. Mr. Arbuthnot's 
A reren Ac- 
count of Mr. Wright's, ibid. Of Mr. Wells's, p. 2992. 
Feog- Analogy of the organ of voice of the Orang Outang with that of frogs, p. 156. 
. Ruſſian method of Ke 0 — ae her 
— P 330- pp 2 4 


G. 

Galen. Exactneſs of almoſt all his deſcriptions of the — p. 141. Pro- 
bable that he diſſected an Aſiatic Orang, p. 148. Vermicular proceſs i in the inteſ- 
tinum cœcum of ſeveral ſpecies of Orangs, unknown to him, ibid. Compariſon 
of the organs of voice of the Prince of Grange celebrated Orang, with Galen's 

deſcriptions, p. 154- 

Gaſi. Eaſy method of producing a ſufficient quantity of, without trouble or any parti- 
cular apparatus, p. 380. Produced by mixing equal quantities of oil of vitriol and 
ſpirit of wine, and applying heat to the phial containing the compound, ibid. 

Advantages of this laſt gaſs above others, p. 38 1. Specific quantities of the dif- 
ferent gaſſes examined, p. 382. One made of vitriolic zther, p. 384. Its properties, 

p. 386. And differences from the other inflammable air, ibid. Experiment to 
prove it ſpecifically heavier than common air, p. 387. Cautions about firing the 
piſtol 5 it, p: 390. Why it cannot exert the force of a wind gun, p. 399. Heute 
Experiment to ſhew that its compound with common air is much reduced in bulk 
aſter inflammation, p. 400. Great exploſion of very dephlogiſticated air and æther 
air, p. 407. See more under Air. 
Generation. What cauſes the perfeCtion of, p. 279. 


0 —_o 


Geometry, Horizontal Iſochronic curve deſcribed, p. 583. i 
Glaſs, In which there is much alkaline ſalt, lefs fit for electricity than others, p. 665. ki 


Long expoſed to heat, ſuperior in ſtrength for electrical purpoſes to a cake of roſin, i 
uſed in the electrophorus, p- 666. Ditks made with it muſt not be dried by the cd 
fire, ibid. | ; | 

Gold and filver, found in Ir metallic form, mixed in a large proportion in an ore 
from Norway, p. 531. 

Gold Pyrites examined, p. 628. And found ſeldom to contain gold, p. 528, Expe- 
riments on a piece of gold ore, which turned out to be gold in its native form, and 
not mineralized, p. 531. 


Vor. LXIX. 4 U | Grenades. 


i 496. |} 
Grenades. Obſervations on the chmate of the, p. Als - Rain Wund ere, from, June 


1772, to June 17737 P. 317. 4 — AK ng. n 540 Wed. 2 
Gunpowder. Its force generally bed to the adden extrication of a great quantity 


of permanent atrial fluid, within a narrow ſpace incapable of containing it, p. 391, 
This elaſtic fluid ſuppoſed by Robins to contain 250 times the bulk of the powder, 
ibid. Opinion of Count Salace on this ſubject, p. 392. Uſes, to which. the extri- 
cation of ſo much permanent atrial fluid has been put, by philoſophers, P+.392- 
Account of a braſs air gun, contrived by Mr. Maty of Turin, ibid. And of one by 
Mr. Antoni, p. 393. What the difference between the quantity of .c/aftic. fluid ob- 
tained by Robins, and others, may have been owing to, p. 393. Bernoulli's cal. 
culation of it probably neareſt the truth, but proves the juſtneſs of that of the 
others, p. 394, 395- Nature of gunpowder explained in a different way from what 
it has hitherto been, p. 395—397. Nitre and charcoal ſufficient of them- 
ſelves to make very good, p. 397- Its force owing to the extrication, of the de- 
| phlogiſticated air from the nitre, and of the inflammable air from the charcoal, by 
the fire which inflames it, p. 398. Difference of the inflammation of gunpowder, 
and of de phlogiſticated and inflammable air in the air-piſigl, what owing to, ibid. 
Probable that the dephlogiſticated and inflammable air, extricated in the fring of 
it, undergoes a diminution by its inflammation, p. 401. Agreement of this ſappo- 
ſition with the analyſis of gunpowder, as made by Abbe Fontana, p. 422. Accu- 
rate calculation of the expanſion of, a very difficult undertaking, p- 403. Reaſon 
why it does not want a free acceſs of common air to be conſumed by fire, p. 404. 
Why a ſingle ſpark of fire propagates the combuſtion throughout it with great rapidity, 
P+ 405. Reaſons for thinking modern philoſophers would have diſcovered it, p. 406. 
Gypſum, More vitriolic acid in gypſum than in ſelenitical ſpars, p. 17. How diſtin- 
guiſhed from other ſubſtances of the ſame appearance, p. 28. ; 


H. 


Hartz. Barometrical obſervations in the mines of the, 436—502. _ 

Hermaphrodites divided into two kinds, the natural and uncommon, p. 280. Account 
of the natural, p. 281. Of the unnatural, ibid. One part of each ſex which they 
do not poſſeſs, p. 281. Such hermaphrodites appear at firſt view to be females, 
and are very frequent among horſes, p. 282. Deſcription of one of this ſort, p. 281. 
In general would apppear an obje& of chance, p. 234. Circumſtance in the pro- 
duction of hermaphrodites in cattle, which ſeems to be an eſtabliſhed principle in 
the œconomy of propagation of that ſpecies of animal, and not a produftion of 
chance, p. 284. | 1 

Horſe. Account of the diſſection of an hermaphrodite, p. 282. ANTE. 

4 | Hunter 
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Hygrometer. Onterrations wan N Smeatan's, p. 16717 8. 
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— * particular one deſeribed, p. Kt. 1 formed on the windows of 
| buſes, p- 350: Dangerous edt of 1 ow Les 
Bandbllb., "She Rivers." 
Tron, and its fotuti6ns, contrihute to haſten and promote the progreſs of the concretion 
ald induration of ſtone, whenever they meet with cementing eryſtalline particles, 
which abound in ſea-water, p. 38. Any induration, or petrefaction of matter, 
much haſtened, and the conſ6lidation rendered much more compleat by being near 
a maſs of iron, ſtill more by the admixture of any ſolution of that metal, p. 39. 
Confirmation of this doctrine by three inſtances, p. 40, 41. 43. 45. Dr. Fothergill's 
conjectures on this ſubject, p. 47. Common ſea ſand, with a ſmall mixture of the 
- ſolution of iron, may become a very uſeful ſtone, p. 48. 
Tron fpathoſe ores, account of, p. 29. | 
Fufirer. Eclipſes of the ſatellites of, obſerved at _ p. 165—177. At Green» 
| wich, P. 179 


. 


467 fone, accourit of the, and of allum made with it, p. 2 " 

Lead. Account of the white lead ore, p. 29. Tobacco-pipe duly prepared, propoſed 
to be uſed by painters inſtead of white lead, p. 20. 

Lenſes, a concave, and a convex, applied before the object-glaſs of the teleſcope of 
the equatorial inſtrument, to correct the errors ariſing from the refraction in alti- 
tude, p. 333. 

Level. Spirit level fixed to the equatorial inftrument, its uſes, p. 334. | 

Liveti. General and eaſy methods of taking them through large extents of countries 

Where rivers paſs, p. 643. 

Lig. Difference in the modes of reſtoring to it thoſe who are deprived of it by 
water, and thoſe who have loſt it by the fumes of charcoal, p- 329. 

Lightning. Its effects on board the Atlas, p. 160. Struck the main-maſt head, | 
deſcended down the rigging, and entered the gun-deck, ibid. Man firuck 
dead by, p. 161. No damage done to the ſhip, maſts, or rigging, nor any viſible 
track of the lightning to be found on the maſts, ibid. 

Lead Rover artificial, how made by Dr. Knight, p-. 51. 

4U 2 | Macracarpm. 


Lore Ay of ſeveral or ores in his muſtuin;/ p. 727. 240 2 b 10 55 1 Lats) 
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M. 


Nfacrocurben. dc ae | 36 142; d tie, 203 10 Ieamwol bw, 
Magnetic variation obſerved at Cork, p. 7565 See NN boa f 
Magnet in. A this cylindrical tin tube ſuſceptible of a conſiderable degree f, piyyy/ 
Marbles nn epi in 2 1 p- 77. Their CONE How — 
ibid. b 11901 lo 10 bog 281 

Mierrerolog y. Neceſſty of ai asd to amine the n in sees 
of the air, p. 501. Meteorological journal for 1778, kept at the houſe of the Royal 
Society, p. 296. Meteorological obſervations on the n WERE p- 657. 
Journal ſor 1778, kept at Briſtol, p. 551. u ( 

Mica. How known, p. 29. 

Ilicrometer. Imperſections of that which depends on moveable parallel wires, p. 419. 
The uncertainties in the obſervations made with a divided ohject glaſs one, inveſti- 
gated, and found to depend on its principle, p. 420. Advantages of a new catop- 
trie one, 421. Its conſtruction and properties, p. 422. Method of adjuſting and 
oſing it, p. 425. Deſcription of a new one, ſuited to the principle of refraction, 
p. 428. Its ſuperiority to the object - glaſs micrometer, what it conſiſts in, p. 429. 

Mines. Account of ſome barometrical experiments in the mines of the Hartz, p. ww 
Barometrical obſervations in ſeveral of theſe mines, p. goa. 

Monet, Mr. Cauſe of his error in ſuppoſing that the ſemitranſparent * contains 
ſulphur, p. 15. 

Montmartre. See Plaſter. | | 

Moon. Obſervations of a luminous annulus ſurrounding her diſk in an ecliple of the 
ſun, p. 106. Effect of her atmoſphere, p. 111. 

* Account of an infant muſician, p. 183. What War diſpoſition to 
muſic in infancy con ſiſts in, p. 185, Hiſtory of William Crotch, the infant muſician, 
p. 187. Aſtoniſhing properties of his ear, p. 197. His excellencies, what they 
conſiſt in, p. 196. His powers of tranſpoſing, at two years and four months old, 
whatever he played, p. 199. Account of muſical prodigies more advanced in age, 
p- 201, 202. 204. Conjectures on what William Crotch may mature into, p. 204. 
Experiments propoſed to be tried with him, ibid. Abſurdity of leaving him to 
himſelf, without further teaching, p. 206. Evident that he would like the plaineſt 
muſic beſt, if different genera and diviſions of the muſical ſcale were tried upon 
him, ibid. Not all children ſuſceptible of being taught muſic, at leaſt not in the 
cradle, p. 206. Primitive powers in muſic ſometimes become Rationary,”" the reafons 
for it aſſigned, ibid. | | 

Mozart, His talents for muſic at eight years old, p. 204. 


Needle, 


[1 6 


N. 
Nocule. Journal of the variation - needle, kept at Royal Society? 8 W n 
p. 321. Journal of the dipping needle for a fortnight; p. 3z33v. was 


Nedks Account; of oat new methads of ſuſpending magnetical, p- 537 8 
nience of che heſt exeguted ones, with re ſpect to the facility with which they are 
drngged out of their direction, p. 537. Remedied in different ways, p. 539. By 
putting them under water, p. 539. Thin, ſteel. tubes recommended far this purpoſe, 
p. $44+; Inconvenjences of common water far this purpoſe, and recommendation of 

epteſſed oils, p. C4 · 

Nirre. Why it explodes when combullible ſubſlances are thrown upon it, p p. 396. 
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Orarg · Oulang - Account of the organs of ſpeech of the, p. 139. Exactneſs of almoſt 
all Galen's deſeriptions of the Cynocephalus, p. 141. Why this animal cannot mo- 
dulate his voice ſo as to articulate, p. 142. The meatus, or proceſſus peritonæi, 
cloſed in the Simia caudata imberbis, cauda ſubprehenſili, corpore fuſco, pedibus 

nigrie, p. 143. Two papiones or ſphinges of Linnæus diſſected, ibid. Seven 
examined by Proſeſſor Camper, p. 144. Want of nails on the great toes of the feet, 
and of the ſecond phalanx of che great toes, a remarkable character in theſe animals, 
p- 146. A little nail and two phalanxes ſeen on the great toe of one, ibid. Sin- 
gular red long hair, and ſhortneſs of the neck, another very peculiar property, ibid. 
Mr. Edwards miſtaken in the repreſentation oi the Orang : Outang, ibid. The 
figures of the Orangs, deſcribed. by. Tulpius and Tyſon, deficient in many reſpe&s, 
p. 147. Probable that Africa furniſhes a ſpecies, of apes which are not the Pithecos 
. of: the' ancients, ibid. Probable that Galen diſſected an Aſiatic Orang, p. 148. 
Vermicular proceſs of che inteilinum cœcum in the Angoleſe and Afiatic Orang, and ; 
-hkewiſe in the Gibbon, unknown to Galen, ibid, The organs of ſpeech deſcribed, f 
ibid. The ventricles of one united, ſo as to form but one, p. 150. Quere, whether | 
they grow together, thus, or whether this be a variety ? ibid. Hiſtory of the Orang 
\ belonging to the Prince of Orange, which died in 1777, p. 151. Account of the 
internal part of the organ of voice, and compariſon of it with Galen's deſcription, 
p. 164. Reaſon why this animal cannot ſpeak, p. 155. Analogy of its organs of 
voice with that of frogs, p. 156. 

Ores. Aſſay of ſeveral in Dr. Hunter's muſeum, p. 527. See Silver. 

Os humcri, Head of one ſawed off, and yet the motion of limb preſerved, p * 6 

Ovary. A diſeaſe in the left, the cauſe of a dropſy, p. 57. j 
8 Pekin 
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Haak. Account of one, *found on the coaſt of Eat Lothfan „ P. 35. ee 
rope that was adjoining to an iron ring, with fand ed roind” it” 88. fo 
" retain impreflions of parts of the Ying, p. 36. Iucruſtätibd formed within Se 
years in a ſquare wooden pipe, in a coal mine in Somerſetſhire, p. 41. A 'pro- 
- grefſive induration of maſſes of ſand, and other matter, at the bottom of ue bt, 
on the coaſt of this ifland, as at the bottom of the Adriatic, p. 377 
Piles, Theory of a new machine for driving them, p. 120, Ai of chat in- 
vented by Vauloiie, p. 121. Miſtakes in Belidor's theory of Vauloie's machine, 
ibid. A new theory of it propoſed, p. 122. Uſeful theorems for I dif- 
ferent machines, and determining the coſt of the works to be raiſed, p. 24. Pro- 
blem to determine the depth to which a pile will fink at each ftroke of a given ma- 
chine, ibid. Belidor's miſtakes in the ſolution of this laſt problem, p. 126. Miſ- 
takes of a writer in the Stockholm Tranſactiom unn — p. 126. Several 


corollaries uſeful in a practice, e en 1s eat? 
Pil One for inflammable air, p. yore Very ee dens or flog dephlo- 
giſlicated and zther air, p. 40. 4 2 3d 


Plants. Their growth in America Soc t6 be- eſtimated by what we bee in our hot- 
| houſes, p. 250. | 

Plaſter. Compariſon of the Tacks —— plaſter ſtone, wich ſeveral” ſleaktical 
fubſtances, p. 16. TY 

Putvis fulminant, a new theory of, p. 404. Wand en, Wi ator ors 

Pyrites. Aſſay of gold Pyrites, p. 528. Seldom contains cold, Wi. Has been 
thought to contain gold united firſt with iron, and that compound united with ſul- 
phur, ibid. | Experiments on a piece which turned out to * in its native Iren ad 
not mineralized, p. 531. 


Q. 
2uartz, How known from other ſubſtances with a ſparry appearance, p. 27» 1 


R. 


Rain. Account of that fallen at the Grenades, from 1772 to 1773. p. 217. Regiſter 
of, at Lyndon, for 1778, p. 547, | 
Rattoon. See Sugar- Cane. 
Rivers. 


(@ TT 


Rivers. Eſſay on rivers and canals, p. 556. Importance of the ſubject, ibid. 
Account of authors who have demonſtrated the principles laid down by Mr. 


Mann, p. 559+ Theory of rivers and canals, p. 563. Definitions, ibid. Laws 
181 Jen ja ien and. .canals, p, 564. , How, to find whether the water, in 


aof a river where the bed is nearly, horizontal, flows by the velocity 
29 850 g.the, preceding geclivities, or by the compreſſion. of the upper water 
9 the, lo lower in that, place, p. 568, How ta determine the velocity of each 
parti of water in a regular channel, p. 569. The nature of rivers and 
Howing waters conſidered, p- 571. Cauſes of the acceleration of motion in rivers, 
ibid. Cauſes of its, retardation, p. $72- Principles for .calculatiug the quantity 
* the percuſſion of the waters of a river againſt an obſtacle oppoſed to their mo- 
tion, p- 574. ,, Greateſt and leaſt. velocities of rivers, in what parts to be found, 
. 570. How to meaſure the velocity of the current of a river, or open canal, 
9.5 77. Application of the laws of the acceleration and retardation of currents to 
_ rivers and canais in general, p. 579. How to augment or diminiſh the velocity of 
water in rivers, p. 580. The perpendicular compreſſion of the upper waters upon 
. the lower augments, as all the other , cauſes of mation in rivers diminiſh, p. 581. | 
The junction of many ſtreams in the ſame bed to be attributed to the wiſdom of the | 
Supreme Being, p. 582. How to dig the bed of à canal fo that the velocity of 
the current ſhall be every where equal, p. 583. The depth of a river can only be aug- | 
mented to a certain degree, in proportion to its breadth, without hurting the banks f 


and weirs made to keep it in, p. 584. Cauſes which contribute to fill up the beds & 
af rivers, and produce inundations, p. 586. Sluices themſelves will produce theſe ' 
accidents, if the floors of their bottoms are not of a depth conformable to the bed of __— 
the canal, p. 588— 591. How the principal accidents to which rivers and canals are 2 | 


liable may be prevented, p. 590. Great care, in digging the beds of rivers, 
muſt be had as to the quantity and form of their declivity, p. 594. Which muſt be 
increaſed in equal ſpaces, the farther we recede from their mouths, p. 595. Que 
foot perpendicular of declivity to be allowed through ten thouſand feet of horizontal 
extent, ibid. Six machines propoſed by Mr. Forfait of Rouen, for removing 
banks formed in navigable canals, p. 598. Other conſiderations on the nature of 
rivers and inundations, p. 599. Rivers and canals have their beds raiſed, and f 
their currents ſtopped by the ſubſiding of mud and heterogeneous matter in different | 
places, eſpecially juſt above their ſluices, p. 600. Line of greateſt current in a 
river or canal defined, and the changes in the beds of rivers, ariſing from its direc- 
tions from the centers of the ſections through which it paſſes, enumerated, p. 601. 
Why inundatiens are · more frequent, conſiderable, and do more damage in the in- i 
tefior parts of a country than towards the mouths of molt rivers, p. 604. Varia- | 
| 


tions in the mouths by which they diſcharge their waters into the ſea enumerated, 


together with the changes produced by them, p. (og. Effects of counter-currents, 
3 Hands 


"Mands in de wile of voted; eddies and whirlpools, p. 607. Inconveniences of 
| diminiſhing che velocity of the current, by * widening the 'catial}* and method of 
obviating thoſe inbdhvenienes; p. 569, Nature bf inandatione, and maunef of a 
their foritation confdered, p. &. On the Tonfluence of riert; aud of the fepa- 
ration of thè ſame river into divers branches or mouths, with the effects thereof on 
the velocity of cutrents, inundations, &c. p. Gtr. Greut rivers receive many 
others into their beds, p. 512. This confluence uſeful for many purpoſes, ibid. 
One river may fall into another of equal magnitude with itſelf, and yet the ſeftion 
of the current in the common bed, aiter their confluence, be no more than'it was in 
each before their junction, p. 613. How to diminiſh the danger of an overflow, oc- 
caſioned by the tides, wind, and rolling in of the ſea at the mouths of rivers, 
p. 614. Advantages of fluices for theſe purpoſes, p. 6:6. Which, however, arc 
only uſeful when there is a ſufficient abundance of water in the rivers to fill the new 
beds and channels, fo as to prevent the velocity of the currents therein from being 
' notably diminiſhed from what they were before the diviſion, p. 618. Laws of the 
meeting of oppoſite currents, with the application of them to fluices, p. 619. 
Sluices need be ſhut only a quarter of an hour before the flood has riſen to the level 
of water in the banal, p. 621. Experiments to determine the different velocities 
in different depths of water of the fame floating body, moved uniformly by an equal 
force, p. 622. Dr. Franklin's experiments on thts ſubjett, repeated-on a larger ſcale, 
with an account of che mechaniſm of the inſtruments uſed, p. 624. Table of the 
experiments, p. 629. And remarkable conclufion from the mean reſults of them, 
p- 630. On the quantity of declivity in rivers, p. 630. Principles to prove that 
the Jeclivity and velocity of a river are leſs in proportion as the bed approaches 
nearer to being concentrical with the curve of the earth's ſarface, p. 633. The real 
quantity of decllvity, in different rivers, determined as nearly as poffible, ibid. 
Table of comparative proportions between the declivities and velocities in different 
kinds of rivers, p. 640. All the rivers in the world claſſed, p. 641. General view 
of the elevation of continents along the principal rivers of the known world, p. 654. 
Rulandus, Cauk Selted with antimony has 3 of his falſe liver of anti- 
mony, p. 19. 
Ruſſians, how they treat perſons affected by the fumes of burning chice, and fimilar 
effluvia, p. 324. Ruffian-houſes, how heated, p. 327. 


8. 


Salli. Sal ammoniac produced by clays diſtilled with ſea- ſalt, p. 2 t. Glaſs, in which 
there is much alkaline ſalt, leſs fit for electricity than others, p. 665. 


I Salts 
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$4lt-avater, Some relief obtained by ir in che cure of a violent eruption on the face, 
neck, and breaſt, p. $4+ 4 


* N 


Sdnd. A progreflive induration of maſſes of, at the bottom of the ocean, p- 37. 


Tances, P: 16. £5 
Sheep. Dubious whether there are any Free-martins among, p. 287. 


earth of allum as the Corniſh porcellane clay, ibid. Sal catharticus amarus obtained 
from pumice ſtone and ſhirl, ibid. 

Silber. Experiments on the ore called argentum vitreum, p. 532. Conclufive expe- 

riment to ſhew that vitreous filver ore is a compound of filver and ſulphur, and 

that, when pure, it contains between ninety-two and ainety- three grains of ſilver 
in one hundred, p. 536. 

Sitodium inciſum & Macrocarpon, or bread · fruit, deſcribed, p. 462. Liſt of authors who have 
given an account of it, p. 462. The plants and ſeeds of, how preſerved in a voyage 
from Ceylan to Europe, p. 463. Generic deſcription of it, p. 464. Specific deſcription 
of the Sitodium inciſum, p- 470. Obſervations on the Macrocarpon, p. 471. Va- 
rious uſes of its parts, p. 471. Deſcription of the various diſhes made of theſe 

fruits by the Dutch, p. 476. 

Slate, Triſh, replete with allum, p. 25. 

Spar. Change of cryſtal into ſelenitical, p. 12. The ſelenitical, or gypſeous ſpars, confi 
of acid of vitriol, calcareous earth, and ſome clayey matter, p. 14. Some among 
theſe enumerated, which were not before taken for ſelenitical ſpars, ibid. No ſul- 
phur in ſemitranſparent Auvergne ſpar, p. 15. Experiments on theſe campared 
with the common Montmartre ſtone, p. 16, Calcareous earth in the gypſum, 
ſhewn to contain more acid of vitriol than that in the ſelenitical ſpars, p- 17% 
Change of clay into Feld-ſpar, and different gradations of the change, p. 22. Allum 
made of feld-ſpar, p. 23. And of the Labradore ſtone, ibid. Account of ſub- 
ſtances which have a ſparry appearance, and how to diſtinguiſh them from 
Tpars, p. 27. Phoſphoric ſpar, cryſtallized, forms perfect cubes, p. 28. One ex- 
ception only to this rule, ibid. Of a ſet of ſpars whoſe properties were not hitherto 
known, and experiments made on one of them, p. 29. Probable that the green 
and yellow glimmers from Johngeorgenſtadt may be of this kind, p. 30. 

Stars, Account of an occultation of 1 à cancri, by the moon, p. 165. Account of 
occultations of ſeveral, p. 178. 

Store. Conſolidated by cementing cryſtalline particles, p. 8. A formation of it to 
this very day, in certain places, more perfect than is imagined, p. 38. Portland- 
ftone conſiderably hardened by being waſhed with water impregnated with ruſty iron, 


P+ 44- Stones and marbles continually forming i in the earth, and the conſolidation. 


of them effected by means of water and vapour, and the induration of many of 
Vor. LXIX. 4 X thoſe 


Selenite. _ Compariſon of the Montmartre plaſter ſtone, with ſeveral- ſelenitical ſub- 


Shirl frequently, though erroneouſly, called baſaltes, p. 24. Contains nearly as much 
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thoſe bodies effected bnd „ri ne, ide: 


preſerred by beiog waſhed or bru ed with water, in which there is a ſolution of 
iron, p. 48; Common ſea-ſand, with 2 ſmall admizture of the ſolution of i iron, 

may become a very | uſeful 
Sugar-( 


one, ibid. 
Cnc The two methods in uſe for cultivating itbefdreM;/Cazaud? s, p. 2 10, 21 1212. 
- Exyglanation of Mr, Cazaud's method, a and objections to it, p. 213. Natural hiſtory of 
the cane, p. 218. Hiſtory of its roots and productions under ground, P- 219. Should | 
. be put into the ground as ſoon. as Cut, p. 221, Firſt productions, what they are, 
ibid. Roots of the firſt and ſecond order deſcribed, p. 223 Roots of the third 
order, what they are, p. 224. Second productions deſcribed, ibid. Third produc- 
tions deſcribed, p. 226, Proof of the neceſſity of planting i in May, p. 227. Canes 
derive their nouriſhment from the three orders of roots for the whole of their | 
duration, p- 228. Strong argument againſt the pretended 4 antiquity of the ſtools, 
p- 231. And of the ipatility of replanting when the ſtump is not raiſed above the 
ground, ibid. Rattoons derive their nouriſhment only 5 three orders of roots, 
p- 233- Advantage of cutting the canes in the ground, and miſchief of the method 
of moulding up the ſtump, p. 235. Why rattoons are forwarder at the twelve 
months end than planted canes at the end of fifteen, ibid. And why thoſe cut at 
the end of ten, eleven, or twelve months, are finer than thoſe which have ſtood 
ſixteen, ibid. Why fine rattoons are never got from grounds called exhauſted, 
p. 236. Why thoſe cut before the time, are thoſe which flood beſt, p. 237. Dit. 
ference in the time of jointing of the canes, and in the different numbers of the 
rows of their roots, what owing to, p. 238. Advantages of chuſing the rainy 
ſeaſon for planting, p. 239. Hiſtory of the joints of the cane above ground, p. 241. 
Calculation that may be made of their number, ibid. Cane of the thickneſs of a 
pen, and only three inches long, with its two and twenty Joints, diltind, p- 244- 
Fall of the leaf only criterion of the maturity of the joint to which it adhered, 
p. 245. Relative maturity of the cane, what it depends on, p. 246. Four thouſand 
gallons of juice yielded equally by canes cut at ten and fifteen months end, p. 247. 
Deductions drawn from this fact, p. 248. Account of the cane in different ſouls, 
p. 250+ The growth of a plant in America not to be eſtimated by what we ſee i it in 
our hot-houſes, p. 250. Forty-eight to fifty the greateſt number of uſeful joints, 
p- 252. Effects of dunging the foil in which canes are planted, p. 261. Cane 
never grows to any purpoſe after the thirteenth month, p. 264. Hiſtory of a ſingu- 
lar revolution in the cane, and of the arrow which follows it, and conſtitutes the 
laſt tage of the cane's exiſtence, p. 264, The quantity of the juice of the cane 
leſſened by dry weather, ibid. Drying-up of the Joints, p. 268. Hiſtory of the 
cane according to the two different methods of cultivation, and in different years, 
the favourable, the dry, and the rainy, p. 270. 


Sulphur, None in the ſemitranſparent Auvergne ſpar, p. 17. 
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Tartar of vitriol. Mr: Erinjac-mutekeh, in affertiog that he obtained it from the blue 
Argilla, P. 20. 

THufeope: Ada of an iconantidiptic teleſcope, producing two images of the object, 
the ane in a direQ-poſition, the other reverſed,” p. 130, - The direct paſſage of the 

center of a ſtar obſerved with this ĩinſtrument, p- 131. The difficulty of illumi- 

nating the threads of the teleſeope obviated by this method, ibid. Why Caſſe- 
grain's conſtruction of the an, is preferable to either the Gregorian or New- 
tonian, p. 426. 

Thermometer, Deſcription of one, for making experiments on the heat of boiling- 
water, p- 360. Table for the uſe of artiſts who make them for ſuch purpoſes, 
p- 375. Kegiter of the, at Lyndon, or 1778, p- 845. Obſerved at Nain and 
Okak, p. 688. 

Tin, ſuſceptible of a conſiderable degree of magnetiſm, p. 543. 

Ti-fpar of the Germans, experimenits upon it, p. 26. 

Tobacco pipe, duly prepared, propoſed to be uſed by painters inſtead of white-lead, p· 20, 

Tobacco-pipe clay. Allum may be * from, p. 19. 


U. 


Ugar, what it Is, and its effects, p. 327. 
Vitriolic acid, more of it in gypſum than in ſelenitical ſpars, p. 17. | 
Dua. mn . 96. Fs. where it joins the bones of 
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W. 

Water. Firſt application of cold water to the homen body produces heat, p. 330. The 

variation of the temperature of boiling, examined, p. 362. That the heat of boiling, 
is variable, known to Fahrenheit, ibid. Decifive experiments by Le Monnier and 
Caſſinĩ, to ſhew that this quantity is very variable, p. 363. Mr. De Luc's obſervations 
on this ſubje&, repeated by Sir George Shuckburgh i in a journey over the Alps, p. 364. 
And again in 1778, p. 365367. True proportion of the preſſure of the atmoſphere, 
bow obtained, p- 370. Sir George's obſervations compared with Mr. De Luc's, 


and with each other, p. 37 1—373- Water, which has ſtood ſome time expoſed to 
the 
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the ſun, yields a great quantity of dephlogiſticated air, p. 377. Experiments on 
air, extracted from various kinds of water, p. 432. Experiments on air from the 
water of a well, p. 433- And from the water of the Seine, ibid. And from that of the 
river Argueil, p. 436.,, Ang fram diſtined water, p. 437 Water abſorbs à greater 
quantity of thoſe kinds of airs which contain a leſs quantity of phlogiſton, p. 439. 
Theſe experiments explain why ſome kinds of waters have a ſharper taſte than others, 
p- 440. And why they precipitate the lime in lime: water, ibid. Likewiſe why 
ſome waters diffolve iron, and keep it diſſolyed without any ſediment, ibid. Diſ- 
tilled water, deprived of air, imbibes an equal quantity of air of the ſame kind as 
that it had loſt, in leſs than fifty days, ibid. Pure water changes common air -into 
dephlogiſticated, and is the beſt means of meliorating common air, ibid. Which 
may be one of the methods by which nature kee ps the atmoſphere in a tate fit to 
ſupport animal life, p. 441. How to prevent the air being altered (in extracting 
the air from water by the ation of fire) by the vapour of the water itfelf, p. 442. 
Common air, ſhaken in water, 1s 9 inereaſed in its bulk, P- 443+ But de- 
phlogiſticated air is diminiſhed, p. 444. | 
ather. Obſervations on that of the year 1778, made at Lynda, p- | $48. At 
Briſtol, p. 553. ̃ d ; 
Wiirs in rivers, the advantage of them, p. 894 , 
may. Singular talents of two children of that name for muſic, p. 204. 


Whirlpools. What they come from, p. 607. 
White, Mr. Charles. A fact aſſerted by him, Vol. LIX. Art. 6th, of the Philoſophical 


Tranſactions, confirmed, and a proof given that a chirurgical improvement, propoſed 
by him in that article, may be extended to other parts of the body, p..6. 
Whiting. Experiment on dryed, p. 333 | 
Findward-I/les. Obſervations on the climate of the, p. 216. 
Vine, Mrs. Her early talents for muſic, p. 206. 
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Ziac. The flowers of, given without effect in a St. Vitus's dance, h 2. 
Zeolite, Experiments on the Norway, p. 27. 


END OF VOL. LXIX. 
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18. 19. for wetted with antimony, read heated with antimony, 
16. 15. for an ounce and a half, read a drachm and a half. 
24. F. for 5 ounces 36 grains, read 5 drachms 36 grains. 
27. 4+ for Zoolite, read Zeolite. 
30. 19. for tin, read fire. 

122. 10. for percurſio, read percuſſio, 

— 14. Idem. 

— 19. for percurfionibus, read nad 

124. 15. for percurſones, read percuſſiones. 

126. 12. for percurſione, read percuſſione. 

— 20. for pereurſionis, read percuſſionis. 

131. 14. for it may obſerved, read it may be obſerved. 

182, 2. for Stephens, read Stevens. 

243. laſt line of the Engliſh, for pea, read pen. 


VOL. LXIX PART I 


364. column the 4th, for Mr. de Luc's thermometer, read Mr, de Luc's rule, 


373. column the 6th, line the laſt, For 96, read 98. 
Ibid. column the 7th, line the laſt, for o, read +0, 2. 
380. 15. for open on both ſides, read open at both ends. 
540. Jer working-needle, read ſewing-needle, paſim. 


684. fer Eric Proſperin, read Proſperin Eric. 
685. 22. for piſtol to make it, read. piſtol with it. 
690. 16. for one for making, read one for firing, 
692. 30. ir wetted, read melted, 


4 Y 


8 


